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i:::^ (54) Title: stabilized ORAL PHARMACEUTICAL COMPOSITION 
<^ 

^ (57) Abstract: An orally deliverable pharmaceutical composition is provided comprising an aminosulfonyl-comprising drug, for 
O example a selective cyclooxygenase-2 inhibitory drug such as celecoxib. and a solvent liquid comprising a polyethylene glycol and 

one or more free radical-scavenging antioxidants. At least a substantial part of the drug is in dissolved form in the solvent liquid. 

The composition has lajrid-onset properties and is useful in treatment of cyclooxygenase-2 mediated conditions and disorders. 
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STABILIZEnr> OR AT , PHARMACEUTICAL COMPOSITION 

FIELD OF THE INVENTION 
The present invention relates to orally deliverable pharmaceutical 
compositions that comprise a drug of low water solubility, more particularly to such - 
5 ' coinpositions where the drug is in dissolved form. 

BACKGROUND OF THE INVENTION 
Severid compounds having a molecular structure that comprises an 
aminosulfonyl functional group (herein referred to as aminosulfonyl-comprising 
compounds) have been r^orted as having therapeutically aind/or prophylactically 
10 usdM selective cyclooxygenase-2 (COX-2) inhibitory effects, and have been 

disclosed as having utility in treatment or prevention of specific COX-2 mediated' - 
disorders or of ^uch disorders in general. Among siich compounds are a large number 
of substimted pjorazolyl benzeriesulfonamides as reported in U.S. Patent No. 
5,760,068 to Talley a/.* including for example the compound 4^[5-(4- 
1 5 methylphenyi)-:3-(trifluoromethyl>-lH-pyra2ol-l-yl]benzenesulfonamide, also referred 
to herein as ceJecoxib (D, and the compound 4-[5-(3-flnoro-4-methoxyphenyl)-3- 
difluoromethyl)-lH-pyrazol-l-yl]benzenesulfonamide, also referred to herein as 
deracoxib (n). 




20 Other aminosulfonyl-comprising compounds reported to have therapeutically 

and/or prophylactically useful selective COX-2 inhibitory effect are substituted 
isoxazolyl benzenesulfbnamides as reported in U.S. Patent No. 5,633,272 to Talley et 
ah, including the compoimd 4-[5-methyl-3-phenylisoxazol-4-yI]benzenesulfonamide, 
also referred to herein as valdecoxib (III). 
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A need for formulated corriipositions of selective COX-2 inhibitory drugs, 
particularly rapid-onset compositions of such drujgs, exists. Rapid-onset drug deh'very 
systems can provide many benefits over conventional dosage forms. Generally, rapid- 
5 onset preparati'ons provide a more iminediate therapeutic effect thari st£in'diatfd dosage 
forms. For example, in the treatment of aciite pain, for exainple in*^ headache or 
migraine, rapid-onset dosage forms are useful to provide fast pain irelief. 

Australian Patent Applications Nb. i2000427i 1, No. 200043730 aiid No. 
200043736 disclose compositions compiising a selective CGX-2 inhibitCH^ drug, a 

1 0 5HTi receptor agonist and caffeine, said to be useful ifoir treating migraine: • 

U.S. Patent No. 5,993,858 to Crison & Ainidon disicloses an exbipient 
formulation for increasing bioavailability of a poorly water-soluble drui|l "The 
fcamulation is said to be self-microemulsifyiBg aad'd to comprise an oil or other lipid 
naaterial, a surfactant and a hydrophilic'co-surfactont. This choice of smfactrnt is said 

15 to be less critical than the choice of co-surfactant, which reportedly should have an 

HUB (hydrophilic-lipophilic balance) nuniber greatar than S. A preferred Example of 
such a co-surfactant is said to be Labrasol™ of Gattefosse, identified as a product 
"comprised of medium-chain triglycerides derived fi-om coconut oil" having HLB of 
14. A formulation prepared containing 15 mg nifedipine in a size 1 (0.5 ml) capsule, 

20 Le., at a concentration of 30 mg/ml, is described as a "clear solution" at 70°C but a 
"semi-solid" at room temperature. 

Cited in above-referenced U.S. Patent No. 5^93,858 is prior work by Farah et 
dL in which a self-microemulsifying formulation was investigated for improving in 
vitro dissolution of indometbacin. The formulation of Farah et al. reportedly 

25 comprised an oil phase material Gelucire™ of Gattefoss6, together with a 

polyethylene glycol capric/caprylic glyceride inroduct having HLB of 10, a propylene 
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glycol laurate product having HLB of 4, and diethylene glycol monoethyl ether. 

Drugs of low water solubility are sometimes orally administered in suspension 
in an imbibable aqueous liquid. For example, a suspension of particulate celecoxib in 
a vehicle of apple juice is disclosed in co-assigned International Patent Publication 
5 No. WO 00/32189, incorporated herein by reference. Also disclosed therein is a 
dilute solution of celecoxib in a miitture.of PEG-400 (polyethylene glycol having an 
average molecular weight of about 400) and water in a 2:1 ratio by volume. 

The suspension and solution compositions of WO 00/321 89 are indicated 
therein to have comparable bioavailability. However, following oral administration to 
10 dogs, the time taken for blood serum celecoxib concentration to reach a maximum 
. . level (Tmax) was shprter.for the solution composition than for the suspension. 

^ Aboyercited U.S. Patent No. 5,760,068 disclose? fliat its subject pyrazolyl 
benzenesulfonamide compounds, of which celecoxib and deracpxib are examples, can 
be administered.parenterally as isotonic solutions in a range of solvents including 
15 polyethylene glycol and propylene glycol. It is also disclosed therein that the subject 
compounds can alternatively be present in a controlled-release capsule or tablet 
formulation for oral administration wherein, for example, such a compound is 
dispersed in hydipxypropylmethylceUulose (HPMC). 

Above-cited U.S. patent No. 5,633.272 discloses that its suijject isoxazolyl 
20 benzenesulfonamides, of vfhiqh valdecoxib is an example, can be administered 

parenteraUy as isotonic solutions in a range of solvents including polyethylene glycol 
and propylene glycol. It is also disclosed therein that the subject compounds can 
alternatively be present in a controUed-release capsule or tablet formulation for oral 
administration wherein, for example, such a compound is dispersed in HPMC. 
25 It is known to encapsulate liquid formulations, for example in soft or hard 

gelatin capsules, to provide a discrete dosage form. 

Many aminosulfonyl-comprising selective COX-2 inhibitory drugs, including 
celecoxib, deracoxib and valdecoxib, have low solubility in aqueous media. In 
addition, some, for example celecoxib, have relatively high dose requirements. These 
30 properties present practical problems in formulating concentrated solutions of such 
drugs for rapid-onset, oral adnainislration. With respect to high dose, low solubility 
drugs, fee size of the capsule or volume of solution required to provide a therapeutic 
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dose becomes a limiting factor. For example, a drug that has a solubility of 10 mg/ml 
in a given solvent and a therapeutic dose of 400 mg/day would require ingestion of 40 
ml of solution. Such a volume can be inconvenient or unacceptable for consumption 
in imbibable form; this volume also presents particular problems where an 
5 encapsulated dbsage foim is desired because-capsules that contain more than about 1 .0 
ml 'to aboiit 1.5 ml of liquid are generally considered to be too large for comfortable 
swallowing. Thus, where' such a solution is administered in capsule.form, midtiple 
capsules would need to be ingested in order to provide the required dose. To avoid 
such problems, a solvent must be selected wherein the drug has relatively high 
10 solubility. ... 

Mprepyer, the solvent should be selected not to chemically interact with or 
degrade the drug. Fot solutions and/or suspensions that are to be encapsulated as oral 
dosage fpnns, the solvent must further be selected not to degrade, erode, or react with 
the cajpsule wall material. Further, liquids that can easily mi^te^ through a capsule 
15 wall; e.g.,. water in an amotunt, greater than about 5% by weight of the solution, and 
low molecular weight water-soluble, volatile organic compounds such as alcohols, 
ketones, acids, amines and esters, are generally unsuitable fen- encapsulation. 

Watearrmiscible,: nonvolatile liquids such as polyethylene glycols have been 
successfully used in encapsulated solution fonnulations. Moreover, polyethylene 
20 -. glycols, are alspygood solvents, for drugs of low wator solubility because they are 
• • known; to nnprove.aqueous drug solubility. For example, celecoxib, which has very 
- low solubilityin water, JsMghly soluble (>300mg/g)m a 2:1 ndixture of PEG-400 
- , and water. , - ; 

However, we have now discovered that polyethylene glycol, when used as a 
25 : ■ solvent for.an aminosulfonyl-cpmprising drug such as celecoxib, can result in drug 

instability. This problem presents, practical difficulties in forming a chemically stable 
solution of an aminosulfonyl-comprising drug using polyethylene glycol (which, as 
described above, can be otherwise advantageous) as a solvent. 

As described hereinbelow, treatment with selective COX-2 inhibitory drugs of 
30 low water solubility is indicated in a very wide array of COX-2 mediated conditions 
and disorders, and several clinically important examples of such drugs comprise an 
aminosulfonyl functional group. Therefore, if the problem of chemical instability of 



wo 02/102376 



PCTmS02/11690 



■ ' the driig in polyethyleaie glycol solution could be overcome, a significant advance 
would be reaUzed in treatihent of COX-2 mediated conditions and disorders, 
particularly in treatment of acute disorders where eaily relief from pain or other 
symi>tdnis is desired. It would represent an especially important advance in the art to 
5 provide an effective method of treatment of acute pain, for example in headache or 
ni^aine, using a chemically stable solution of an aminosulfonyl-comprising selective 
COX^2 iiahibitory drug having polyethylene glycol as a solvent, if such a solution 
could' be pr^iared. 

' ' STJMMARY OF THE INVENTION 

10 There is now provided an orally deliverable pharmaceutical composition 

'compris^g a drug of low water sblubilit^ and a solvent liquid that comprises at least 
one phtaa'ceu^caUy acceptable polyethylene glycbi and at least one pharmaceutically 
acrcept^ble ftee ra<fical-scaverigjii^ ahtioxid^ 
example at iMsi about 15% by w«ght. of 
15 in flie solvit liquid, and wher^n the drug cdmprises ain amiiiosulfonyl functional 
group and/or is capable of reacting with a pblyethylene glycol or polyethylene glycol 
degradatiicm product to form an addition cbmpouiid:- 

Tlie term "solvent liquid" bareiii' ericothpasses ail of tho components of the 
iiquid inethum in which a particular diiigis^ldiss^^^ or sblubilized including but not 
20 ' limited to one or more solvent^, co-solvents, antioxidants, crystallization inhibitors, 
' di^ants, surfeaants; co-surfactants, sweeteners, flaivoring agents; colorants, etc. 

In a presently prefeixed composition of tiie iiiventidn, substantiaUy all of the 
drug is in dissolved or solubilized form in the solvent hquid and substantially none of 
the drug is in solid particulate form. Such a composition is referred to herein as a 
25 "solution". It is particularly preferred that the solution is finely self-emulsifiable in 

simulated gastric fluid, as described hearbinbelow: 

An alternative Kjmposition of the invention coinprises, in addition to a first 

portion of the drug in dissolved or solubilized fbim, a second portion of the drug in 
particulate form dig>ersed in the solvent liquid. la this embodiment, part of the drug 
30 is in solution and part is in suspension. Such a composition is referred to herein as a 
"solution/suspension" . 

hi a presently preferred embodiment, the solution or solution/suspension is 
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encapsulated in one or moie capsules that release the drug by capsule wall breakdown 
within a short period of time after entry into the gastrointestinal tract. Iti this . 
embodiment, the capsule wall ojjtionally comprises a cellulosic.polymer component 
wherein hydroxyl groups ire substituted by methoxyl and/or hydroxypropoxyl groups, 
5 for example HPMC. 

Compositions of the invention have been found to resolve the pioblem of drug 
instability in a surprisingly effective manner; Thus, for the first time, a poorly water- 
' soluble drug that comprises aii aminosiilfonyl functional group, and/or is capable of 
reacting with a polyethylene glycol or polyethylene glycol degradation product to form 
10 an addition compound, is presented in a stable, concentrated solution formulation 

having a polyethylene glycol as a solvent. Preferably such formulations are presented 
in a dose form that is convenient for oral Administration. Formulations of the 
iiivehtion are particularly advaintageous because they are chemically stable, permit a 
high concentration of thfe dnig,' are suitable for encapsulation,^ and,;foDowing oral 
15 adminisbration thereof, can jyeniut rapid absorption of the drug into: die bloodstream 
" thereby providing rajoid onset of miCTapeutic actio 

It can 1^ theorized thai a poorly' watar-soluble" drug can provide more rapid 
' onset of therapeutic effect when cafaDy administered in.solution, particularly a self- 
eoaulsifiable soluticna, than in particulate forni because the process .QfJdyissolution in 
20" the gastrointestinal tradt is riot required. - An even- greater advantage-by comparison 
with a solid formulatibri such as a tablet can be'postulated because neither 
disintegration nor dissolutibn is requited in the' case of the solution composition. 

Additionally, a drug adiriimstered in imbibable soliition can be available for 
absorption higher in the alimentary tract, for example, in the mouth and esophagus, 
' 25 ' than one that becomes available for absorptiori bnly upon disintegration of the carria: 
formulation in the stomach or bowel. 

A further advantage of liquid dosage forms such as imbibable solutions and 
solution/suspensions for many subjects is that these dosage forms are easy to swallow. 
A yet further advantage of imbibable liquid dosage, forms is that metering of doses is 
30 continuously. variable, i»x>viding infinite dose flexibility. The benefits of ease of 

swallowing and dose flexibility are particularly advantageous for infants, children and 
the elderly. 
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When encapsulated, a solution or , solution/suspension can provide the subject 
with the beneficial rapid absorption characteristics associated ^yith liquid formulations 
in addition to the convenience of a discrete, easy to swaUo>y capsule form. 

The highly concentrated solutions permitted by the present invention are 
beneficial for several reasons. Rrst, concentrated solutions are less costly to package 
and eksier to transport and handle than dilute solutions. Second, concentrated 
solutions provide flexibility in administratipn as they can be administered with any 
desired degree of dilution. And third, concentrated drug solutions,^ especially when 
encapsulated, do not require consumption of large volumes of fluid, >yhich can be 
uiacomfortable for many patient populations. 

In one embodiment, a method of analgesia is proyided comprising orally 
administering, to a subject in need of analgesia, an effective pain-relieving amount of 
an aminosulfonyl-comprising selective.COX-2 inhibitory drug coinposition of the 
invention. In another, embodiment, a method of treatment and/(?r prevention of 
hteddache or migraine is jproyided comprising q^aUy athni ^isteri^g, to a subject in need 
of such treatment or preventioni an aDMnosulfonyl-con«>tisjrfg.selective COX-2 
inhibitory drug conqjosition of the invention and a vasojiapdulator, for example a 
; methylxanthinei.whercin the selective^qOX-2 iiihibitpry drug and the vasomodulator 
are'adifiimstered m effective. pain-reUeving total and rejatiye mounts. The selective 
eOX-2 inhibitoryidrug and the yasomodulatpr can be ato^nis^d as components of 
separate compositidns OT of a single composition, S^^ 

cbmpTising:(a) an aminosulfonyl-comprising selective C0Xr2 iiihibitory drug, 
formulated as provided herein, and (b) a vasomodulator, is.^.liirther embodiment of 
the invention. A presentiy.preferred methylxanthine is, caffeine. 

Other features of this invention will be m part apparent and in part pointed out 
hereinafter. 

DETAIIJED I>ESam>TION OF THE IhT^^ 
Novel pharmaceutical compositions according to the present invention 
comprise one or more orally deliverable dose units. Tlie term "orally deUverable" 
herein means suitable for oral administration. The term "oral administration" herein 
includes any form of delivery of a therapeutic agent or a composition thereof to a 
subject wherein flie agent or composition is placed in the mouth of the subject. 
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whether or not the agent or composition is swallowed. Thus "oral administration" 
includes buccal and sublingiial as well as esophageal administration. Absorption of 
the agent can occur in any part or parts of the gastrointestinal tract including the 
mouth, esophagus, stdinach. dubdentmi, jejunum, ileura and colon." The term "dose 
unit" herein means a poVtiori of a pharmaceutical compositioti that contains an amount 
of a therapeutic agent suitable for a single oirial adnriiiistration to provide a therapeutic 
effect. Typically one dose unit, or a small plurality (up to about 4) of dose units, 
provides i sufQcient aniount of the agent to result in the desired effect. 

AminosuIfonvl-comT>rising drug 

Each dose unit or small plurality of dose units comprises, in a therapeutically 
and/or prophylactically effective total amount a drug of low wat^ir solubility fliat 
comprises an aminosulfonyl functional gtoup anii/of is capable of reacting vvith a 
polyethylene glycol or a polyethylene glycol degradation product to form an addition 
compound. A "drug of low water solubility'' or "poorly water solubility dnig" herein 
refers to any drug compound having a solubility in water, measiured at 37°C, not 
greater than about 10 mg/ml, and preferably not greater than afcbut 1 mg/ml. It is 
contemplated that compositions of the invention are especially advantageous for drugs 
ha^g a solubility in -water, measured at 37°C, not greater than about 0.1 mg/ml. 
. , It will b« understood that a therapeuticaUy and/or pophylactically eft^^ 
amount of a drug for a subject is dependent inter alia on the body weiight of the 
subject. A "subject; herein to which a therapeutic agent or composition thereof can 
be administCTed includes a human patient of either sex' and of any age, and also 
includes any nonhimian animal, particularly a domestic or companion animal, 
illustratively a cat, dog or horse. 

The term "aminosulfonyl functional group" herein refers to a functional group 
having the following structure: 

V 

wherein the wavy line represents a bond by which the functional group is attached to 
the rest of the drug molecule; and R is hydrogen or a substituent that preserves abUity 
of polyethylene glycol or a polyethylene glycol degradation product to react with the 
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amino group adjacent to R to form an addition compound. Illustrative examples of 
such substituents include partially unsaturated heterocyclyl, beteroaryl, cycloalkenyl, 
aryl. alkylcarbonyl, fonnyl. halo, alkyl, haloalkyl, oxo, cyano, nitro, carboxyl, phenyl, 
alkoxy, aminocarbonyl, alkoxycarbpnyl, carbpxyalkyl, cyarioalkyl, hydroxyalkyi, 

' 5 hydroxyl, alkoxyalkyloxyaUcyl, haloalkylsulfonyloxy, carboxyalkpxyalkyl, 
cycloalkylalkyl, allqnayl, heterocyclyloxy, alkylthio. cycloalkyl, heterocycl^^ 
cycloalkenyl* aialkyl, heterocyclylalkyl, heteroaxylcarbonyl, alkylthioalkyl, 
arylcarbonyl, aralkylcarbonyl, aralkenyl, alkoxyalkyl, arylthioalkyl, aiyloxyalkyl, 
aralkylthioalkyl, aralkoxyalkyl, alkoxycarbonylalkyl, aminocarbonylalkyl, 

10 alkylaminocarbonyl, N-arylaminocarbonyl, N-alkyl-N-arylaminocarbonyl, 

alkylaminocarbonylalkyl, alkylamino, N-arylamino, N-aralkylamino, N-alkyl-N- 
aralkylamino, N-alkyl-Narylamino, aminoalkyl, aUcylaminoallq^l, N-arylaminoalkyl, 
N-aialkylaininoaUcyl,N-aJft:yl-N-ara^ 

aryloxy, aralkpxy, Etrylthio, aralkylthip, alkyl sufinyl, alkylsulfonyl, etc. 

15 Non-limiting illustrative esxamples of aminosulfonyl-comprising drugs include 

ABTr751 of Ksai (TSr-(^-((4-hydroxyphenyl)ainino)-3-pyridyI)4-methoxybe^ 
sulfonamide); alpiropride; amosulalol; amprenavir, amsacrine; argatroban; asulacrine; 
azosemide; BAY-38-4766 of Bayer (N-[4-[[[5-(dimethylamino)-l-nai)HthaIenyl] 
sutfonyl]amino]phenyl]-3-hydroxy-2^-4imetbylpropanamide); behdrofluniethiaadde; 

20 BMS-193884 of Bristol Myers Squfl>b (N-(3,4-dimethyi-5-isoxaizoiyl)-4'-(2-oxa2olyl)- 
[I,r-biphenyl]-2-sulf0nainide); bosentan; bumetanide; celecoxib; cWorth^done; 
delavirdine; deracoxib; dofetilide; domitroban; dorzolamide; dronedarone; E^7070 of 
Eisai (N-(3-chloro-lH-indol-7-yI>l,4-benzene-disulfonamide); EF-74i2 of Schwartz 
Pharma(N-3-[4-[4-(tetrahydio-l,3-dioxo-lH-pyrrolo[l,2-c]imidazol-2(3H)-yl)butyl]- 

25 l-piperazinyl]phenyl]ethanesulfonamide); fenquizone; furosemide; glibenclamide; 
gliclazide; glimepiride; glipentide; ghpizide; gliquidone; glisolamide; GW-8510 of 
Glaxo SnrithKline (4-[[(6,7-dihydro-7-oxo-8H-pyiTolo[2,3-g]benzothiazol-8- 
ylidene)methyl]ainino]-N-2-pyridinylbenzenesulfonamide); GYKI-16638 of Ivax 
(N_[4_[2-[[2-(2,6-dimethoxyphenoxy)-l-methylethyl]methyIamino]ethyl]phenyl] 

30 methanesuifonamide);HMR-1098 of Aventis (5-chloro-2-methoxy-N-[2-[4-methoxy- 
3-[[[(methylamino)thioxomethyl]ainino3sulfonyl]phenyl]ethyl]benzamide); 
hydrochlorothiazide; ibutilide; indapamide; IS-741 of Ishihara (N-[2-[(ethylsulfonyl) 
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aimno]-5-(trifluoromethyI)-3-pyridinyl]cyclohexaiiecarboxaniide); JTE-522 of Japan 
Tobacco (4-(4-cyclohexyl-2-methyl-5-oxazolyI>2-fluorobenzenesulfonaimde); 
KCB-328 of Chugai (N-[3-aiiiino-4-[2-[I2-(3,4-dimetboxyphenyl)ethyl]methylamino3 
ethoxy]phenyl]methanesulfonaimde); KT2-962 of Kotobuki (3-[4-[[(4-chlorophenyl) 
5 sTilfonyl]amino]butyli-6-(l -methylethyl)-l-azulene sulfonic acid); levosulpiride; 
LY-295501 (N^[[(3,4-dicWoropheny0aimno]carbonyl]-2,3^dihydro-5- . 
benzofuransulfonamide) and LY-404187 (N-2-(4-(4-cyanophenyl)phenyl)propyl-2- 
propanesulfonamide) of Eli Lilly; metolazone; naratriptan; nimesulide; NS-49 of 
Nippon ((R)-N-[3-(2-ainino-l-hydroxyethyl)-4-fluorGpbenyl]n3ielbanesulfonanri 
10 ONO-871 1 of Ono ((5Z)-6-[(2R3S>3-[[[(4-ch]oro-2-tnethylphenyl)sulfonyl]aniino] 
methyl]bicyclo[2.2 21oct-2-yl]-5-bexenoic acid); piretanide; PNU-103657 of 
Pharmacia (l-I5-methanesulfonainidoindol-2-ylcarbonyl]-4-(N-methyl-N-(3-(2- 
methylpropyl)-2-pyridinyl)amino)piperidine); polythiazide; ramatroban; RO-61-1790 
of Hoffmann LaRoche (N-[6-(2-hydroxyethoxy>5-(2-mBthoxyphenoxy)-2-[2-(lH- 
15 tetra2ol-5-yl)-4-pyridinyl ]--<^pyrimidinyl]-5-methyl-2-pyridinesulfanamide); 

RPR-130737 (4-hydroxy-3-[2-oxo-3(S)-[5-(3-pyridyI)thiophen-2-ylsulfonamido] 
pyiTolidin-l-yImethyl]benzamide) andRPR-208707 of Aventis; S-18886 
(3-[(6-(4-cWo£rophenylsulf6nyltoiino)-2-methyl-5,6,7,8-tBtrahy 
yl)propionic acid) andS-32080 (3-[6-(4-chlQrophenylsulfonylaimdo)-2-propyl-3-(3- 
20 pyridyl-methyI>-5,6 J3-tetrahydronaphthalen-l-yl]propionicacid)ofServier; S-36496 
of Kaken (2-sulfonyl-[N-(4-chlorophenyl)sulfonylamino-butyl-N-[(4- 
cyclobutylthiazol-2-yl)ethenylphenyl-3-yl-methyl]]ainiiioben2oic acid); sampatrilat; 
SB-203208 of Glaxo SmithKline (L-phenylalaxdne, b-methyl-, (4aR,6S,7R,7aS)-4- 
(aminocarbonyl)-7-[[[[[(2S,3S)-2-amino-3-methyl-l-oxopentyl]amino]sulfonyl] 
25 acetyl]amino]-7-carb6xy-2,4a,5,6,7,7a-hexahydro-2-methyl-lH-cyclopenta[c]pyridin- 
6-yl ester, (bS»; SE-170 of DuPont (2-(5-amidino- lH-indol-3-yl)N-[2'- 
(aminosulfonyl)-3-bromo(l,l'-biphenyl)-4-yl]acetamide); sivelestat; SJA-6017 of 
Senju (N-(4-fluorophenylsulfonyl)-L-vaIyl-I^leucinaI); SM-19712 of Sumitomo 
(4-cMoro-N-[[(4-cyano-3-methyl-l-phenyl-lH-pyrazol-5-yl)amino]carbonyl]benzene- 
30 sulfonamide); sonepiprazole; sotalol; sulfadiazine; sulfaguanole; sulfasalazine; 

sulpiride; sulprostone; sumatriptan; T-614 of Toyama (N-[3-(formylamino)-4-oxo-6- 
phenoxy-4H-l-benzopyran-7-yl]-methanesulfonamide); T-138067 (2,3,4,5,6- 
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pentafluaro-N-(3-fluoro-4-methoxyphenyl)benzenesulfonamide) and T-900607 

(2,3A5.6-p&ntafluoro-N-(3-ureid<>4-methoxyphenyl)benzenesulfonamide) of Tularik; 

TAK-661 of Takeda (2,2-dimethylr3-[[7-(l-methylethyl)[1.2.4]triazolo[l,5- 

bipyridazra-6-yI]oxy]-l-propaiiesviIfonMnide); tainsulosin; tezosentan; tipranavir, 
5 tirom>ari; tdrasemide; trichloromeiluazide; tripamide; valdeco^^^ 

xipamide; Z-335 of Zeria (2-[2-(4-chIorophenylsulfonylaniinomethyl)mdan-5- 

yl]acetic add); za&lukast; zoTusairiide; and salts thereof. 

- In a preferred embodiment, the aminosulfonyl-comprising drug is a selective 

COX-2 inhibitory^drug of low water solubility. Suitable selective. COX-2 inhibitory 
10 drugs aife cbmpbniids having the formula CIV)r . . » 



(X)n 

rV 



O dV) 

wherein: 

A is a substituent selected from partially unsaturated or. unsa^ted 
: ' heterocyclyl-and partially unsaturated pr. misaturated carbqcyclic rings, 
15 preferably a heterocyclyl group selected from pyrazplyl, furanonyl, 

isbxazolyl, pyiidinyl, cyclopentenonyl. and pyridazinonyl groups; 
XisO.SorCHz; 
nisOorl; 

R' is at least one substituent selected from.heterccyclyl, cycloalkyl, 
20 cycloalkenyl and aryl, and is optionally substituted at a substitutable 

position with one or more radicals selected from alkyl, haloalkyl, cyano, 
carboxyl, alkoxycarbonyl, hydroxyl, hydroxyalkyl, haloalkoxy, amino, 
alkylamino. arylamino, nitro, alkoxyalkyl, alkylsulfmyl, halo, alkoxy and 
alkylthio; 
25 is an NHj group; 

R^ is one or more radicals selected from hydrido, halo, alkyl, alkenyl, alkynyl, 
oxo, cyano, carboxyl, cyanoalkyl. heterocyclyloxy, alkyloxy, alkylthio. 
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alkylcarbonyl, cycloalkyl, aryl, halbalkyl, heterocyclyl, cycloalkenyl, 
aralkyl, heterocyclylalkyl, acyl, alkylthioalkyl, hydroxyalkyl, 
alkoxycarbonyl, arylcarbonyl; aralkylcarbonyly aralkeiiyl, alkoxyalkyl, 
aryltWoalkyl, aiyldxyalkyl, aralkylthioalkyi, aralkoxyallcyl, 
ykoxyaralkoxyalkyl, alkoxycarbonylalkyl, aminocarbonyl, . 
aininocarbonylalkyl, allQrlaminocarboiiyl, N-arylamiiiocarbonyl, N-alkyl- 
N-arylaminocarbonyl, alkylaminocarbonylalkyl, caiboxyalkyl, 
alkylamino, N-aiyiamino; N-aralky!amiDO, N-alkyl-N-aralkylamino, N- 
alkyl-N-afylamino, aminoalkyl, alkylammoalkyl, N-arylaminoalkyl, N- 
araikylaminoalkyl, N-alkyl-N-aralkylaininoalkyl, N-alkyl-N- 
arylaininoalkyl, aryloxy, aralkoxy. arylthio, aralkylthiio, alkylsujfinyl, 
aikylsulfonyl, aminosulfonyl, aUsylaminpsulfony], N-aiyJamin^sulfonyl, 
iylsulfonyi N-^kyl-N-aiylaminosulfonyl;^ 
substitated at a rabstitotable position ydth-one or more radicals sel^ 
ftom alls^rl, haloallcyl; cyano, carboxyU alkoxycar . 
hydroxyalkyl, haloalkoxy, amino, alkylamino, arylanrino, nitro, 
alkoxyalkyl, alkylsulfinyl, halo, alkoxy and alkylthio; and 
R* is selected firom hydrido and halo. 

Particularly suitable selective COX-2 inhibitory, drugs are cpmpounds having 
the foimula (V): 




(V) 

where R'* is hydrogen or a aliyl or alkoxy groiq), X is N or CR^ where R^ is 
hydrogen or halogen, and Y and Z are independently carbon or nitrogen atoms 
defining adjacent atoms of a five- to six-membered ring that is unsubstituted or 
substituted at one or more positions with oxo, halo, methyl or halomethyl groups. 
Preferred such five- to six-membered rings are cyclopentenone, furanone, 
methylpyrazole, isoxazole and pyridine rings substituted at no more than one position. 
Illustratively, compositions of the invention are suitable for celecoxib. 
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deracoxib, valdecoxib and JIE-522, more particularly celecoxib and valdecoxib. 

The invention is illustrated herein with particular reference to celecoxib, and it 
will lie undCTStood ihkt any drug of low water solubiUty that comprises an 
aminosulfonyl functional group and/or is capable of reacting ywth a polyethylene 
glycol or a polyethylene ^ycol degradation.product to form an ad^tion compound 
can. if desired, be substituted in whole or in part for cele90xib in ppmpositions herein 
described. r. . 

Where the drug is celecoxib. the composition typically comprises celecoxib in 
a therapeutically and/br prophylactically effective total .amount of about 10 mg to 
about lOOO mg. pref^ably about 10 mg to about 400 mg. and mop preferably about 
iOO mg to about 200 mgi per dose unit. Where the drug is:a selective COX-2 
iiihibitory diiigotiier aian cblecoxib, the ampunt of tiie dnig pei^ dpse unit is 
feip^utically equivalent to about 10 mg to about 100^^^ 

■Where the subjebt'is a child or a smaU.animal (e.g.. a dog), for example, an 
amount of celecoxib relativelylow in the typical range of abpi^t 10 mg to about 1000 
mg is Ukely to be consistent With therapeutic: effectiveness, Wh^ the subject is an 
adult human or a large animal ie.g., a horse); tiierapeutiq. effectiveness is likely to 
require dose units containmg a relatively greater amount of celecoxib. For an adult 
human, a therapeutically effective amount of celecoxib per dose umt in a composition 
of the present invention is typically about 50 mg to about 400 mg- EspeciaUy 
preferred amounts of celecoxib per dose unit are about 100 mg to about 200 mg, for 
example about 100 mg or about 200 mg. 

For other selective COX-2 inhibitory^drugs, an amount of the drug per dose 
unit can be in a range known to be tiierapeutically effective for such drugs, 
i Preferably, the amount per dose unit is in a range providing therapeutic equivalence to 
celecoxib in the dose ranges indicated immediately above. 
Form of compositions of the in vention 

Compositions of flie present invention are preferably in the form of a 
concentrated solution that may or may not be encapsulated as a discrete article. If 
) encapsulated, preferably a single such article or a small plurality (up to about 10, more 
preferably no more than about 4) of such articles is sufficient to provide the daily 
dose. Alternatively, compositions of the present invention are in the form of a 
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concehirkted imbibable Uquii Hie phrase "imbibable liquid" is used I^erein to refer 
to "uiiencapsulatea siibstantially homogeneous flowable mass, such as a solution or 
solution/suspension, administered orally and swallowed in liquid form and from 
whiiih sin^e dio'se units are measurably removable. The. temi, "substantially 
homogeneous'* witti reference to a pharmaceutical cOTipositioii.that comprises several 
components means that the components are sufficiently mixed such th^t individual 
components are hot present as discrete layers and dp not forna concentration gradiraats 
within the composition. 

' A particular dose unit can be selected to accommodate the desired frequency 
of admiidstiition iised to achieve a specified daily dose, por example, a daily dosage 
amount of 400 mg can be accommodated by administration of one 200 mg dose unit, 
oftVvro iOOihg adse uhitSitwicea day. Theainouiit of the composition that is 
adinitii^terbd and the ddsage iegimen for treating the condition or disorder will depend 
6a a vatiety of factors; including the age, weight, sex and medical condition of the 
subjecC^ the rikme and sevOT of the condition or disorder, the route .and frequency of 
administration, and tiie particular drug selectedi and thus may vary widely. It is 
contemplated, however, tiiat for most purposes a pnce-a-day or twice-a-day 
administration ieginien provides the desired therapeutic .efficacy. 

A composition of die invention comprises jauiammos^ 
of low water solubiUty,- af least a portion of which is in dissolved or splubiHzed fonn 
in a solvent liquid suitable for oral administration.;, 

ilie solvent Uquid comprises at least one pharuMce^^ 
polyethylene glycol as a solvent, at least one phaimaceutically acceptable freeradical- 
sc^vfehgihg antioxidant and optionally one, or mra^ additional components, including 
pharmaceuticaUy acceptable excipients. The term "excipient" herem means any 
subst^iie, not itself a therapeutic agent; used as a earner or vehicle for deliv^ of a 
tiierapeiitic agent to a subject Pr added to a phamaaceutical composition to improve its 
handling, storage, disintegration, dispersion, dissolution, release or organoleptic 
properties bi to'peimit or faciHtate formation of a dose unit of Ae composition into a 
discrete article such as a capsule suitable for oral administration. Excipients can 
include, by way of iUustraticn and not limitation, diluents, disintegrants, dispersants, 
binding agents, adhesives, wetting agents, lubricants, glidants, crystallization 
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inhibitors, stabilizers, substances added to maskor counteract a disagreeable taste or 
odor, flavbrs, dyes, fragrances, preseryatiyes,- and substances added to.improve 
appeafaiice'of the 'compositioh'. . r 

' Such optional additional components shpuldbe physically and chpmically 
5 com^atible Svith the other ingredients of the compori^ . . 

delk^ribus to the recipient, hnportandy, some of the, aboyerUsted classes of 
^xciiiients overlap eich other. Compositions of the, present invention can be adapted 
for administration by any suitable oral route by selection of appropriate solvent liquid 
conipdnfents and a dosage of the drug effective for, tfae.treatment intended. 
10 Accordingly, components employed in the solvent Uquid can 
seani-soiids, liquids'. 6r conibination^^ 

Aii iinbibable comJ»sition of the invention can be in the form of, for example, 
a sobtion; k soiifiori/suspensidn. an elikir.ia syrup, or aiy other liquid form 
i^cM^ adspm for oral adnnnistration. Such.cpnipositipns can al?o comprise 
15 exa^ieiits ielectedffofn.ifQr example; emulsi^^^^^^^ 
and flavdriiig agents, surfactants and co^surfactants. . 

Altemativeiy, as described in detail below, a composition of the present 
invention can be prepared in the form of discrete unit 4ose articles, for example, 
capsmes having n wall that illustratively comiwises gelatin andAjr a turbidity- 
20 d^rekng'polyiiier suth as HPMG. each.capsule containing^a Uquid composition . 
comprising a predetermined amount of drug in a solvent liquid. The liquid 
comi^ositiori within (he capsule is released by breakdown, of the wall on contact with 
gistroifatestinal fliiid. ThepahiculM 

importaiit and can iiiclude such mechanisms as erosion, degrad^^^^ 
25 Coinpositiohs of the invention can be prepa?«d by any suita^^^ 

pharmacy that includes the step of bringing into association the drug and the 
components of the solvent liquid. Hie polyethylene glycol solvent, the fre^radical- 
scaverigiiig antioxidant tod the other, optional, components of the solvent liquid can 
be mixed first, prior to addition of the drug; altemativdy . the drug can be mixed with 
30 the solvent before addition of other components. Order of addition is generally not 
critical, but it is typically preferred to add the drug to the solvent liquid after adding 
the antioxidant. In general, celecoxib compositions of the invention are prepared by 
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uniformly and intimately admixing celecoxib with a solvent liquid in such a way that 
at least a portion, preferably substantially aU, of die cel6coxib is dissolved or 
solubilized in the solvent liquid; and then, if desired, encapsulating the resulting 
solution or solution/suspension, for example in hard or soft capsules. 
5 A preferred embodiment of the invention is a compositicin comprising a 

therapeutically effective amount of an aminosiilfonyl-comprising drug of low water 
solubility, for example celecoxib or valdecoxib, substantially coiiipletely dissolved in 
a solvent liquid comprising at least one pharmaceutically accqptable polyethylene 
glycol and at least one pharmaceutically acceptable free radical-scavenging 
10 antioxidant. In diis embodiment, substantially no part of the'drug is present in solid 
particulate form. Compositions of this enabodiihent can be formulated either in an 
imbibable or discrete dosage form Xe.g., encapsulated).' Preferably, concentrated 
solutions of this embodiment have a drug cohcehtratibii of about 10% to about 75%, 
more preferably about 20% to about 75%, by weight of the composition. 

15 Solvent 

Any phannaceuticaUy acceptable polyethylene glycol (PEG) can be used as a 
solvent in a composition of the invention. Preferably, the PEG has an average 
rnolecular weight of about 100 to about 10,000, and more preferably about 100 to 
about 1,000. Still more preferably; the PEG is of liquid grdde. Nori^limiting 

20 examples of PEGs that can be used in solvent liquids of this iriventioii include 
PEG-200, PEG-350, PEgUoO, PEG-54b arid PEG-600. See f of example Flick 
(1998): Industrial Solvents Handbook. 5th ed., Noyes Data Corporation, Westwood, 
NJ, p. 392. A presendy preferred PEG has an average rnolecular Weight of about 375 
to about 450, as exemplified by PEG-400. 

25 As pointed out hereinabove, PEGs such as PEG-400 have many desirable 

properties as solvents for poorly water-soluble drugs: In the case of celecoxib, for 
example, the drug can be dissolved or solubilized at a very high concentration in 
PEG-400, enabling foimulation of a therapeutically effective dose in a very small 
volume of solvent liquid. This is especially important where the resulting solution is 

30 to be encapsulated, as capsules of a size convenient for swallowing can be prepared 
containing a therapeutically effective dose even of a drug such as celecoxib having a 
relatively high dose requirement for efficacy. 
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However, the present inventors encountered an unexpected problem when 
celecoxib was formulated in dissolved or solubilized form in PEG-400. During 
storage of a solution fonnulation of celecoxib in PEG-4b6, one or more impurities 
were generated. These impurities were traced to reaction of the celecoxib not with 
PEG-400 itself but with a breakdown product of PEG-406. Without being bound by 
theory, it is believed that the breakdown product that reacts with celecoxib is ethylene 
oxide. Products of the reaction include addition compounds having chemical 
structures that have now. been determined and are disclosed hereinbelow. It is 
contemplated that any drug comi^ound having an aminbsulfonyl functional group has a 
potential to react with a polyethylene glycol breakdown product in a sunilar way. 

The problem of chemical instability of such a ^g in a polyethylene glycol 
solvent, or indeed of ^y, drug diat can react with polyethylene glycol or a breakdown 
product thereof to form an addition compound, has now been solved. According to 
the present invention, presence of a free radical-scavenging antioxidant in the solvent 
liquid gready enhances chemical stability of the drug. 

Free radical-scavenging antioxidant 

Certain drugs present in aqueous preparations are known to be susceptible to 
oxidative degradation, particularly in the presence of oxygen. Hydrogen peroxide, for 
example, is a kno\vn free radical generator tiiat can produce free radicals that interact 
with drugs in such preparations so as to cause drug degradation. Antioxidants have 
been used in the art to limit such peroxide-mediated drug degradation. Generally, in 
such a situation,. antioxidants act by providing electrons and easily available hydrogen 
atoms tiiat are accepted more readily by the j&ee radicials tiian are those of the drag 
bcineprotf-rT--^ ^"'^^ noosv Phamiaceuticai Dosage Fonns and Drug 
nftliverv Systems. 6th Edition, page 117. 

The problem faced by the present inventors differs from the above situation in 
at least two ways. First, according to flie present problem it is believed that it is 
polyetiiylene glycol, not tiie drug, tiiat is directiy degraded by free radicals. Second, 
tiiere is strong evidence to suggest tiiat tiie degradation mechanism is not dependent 
upon peroxide {i.e., tiie polyetiiylene glycol degradation proceeds by an oxygen- 
independent mechaiusm). 

Surprisingly, we have now discovered tiiat tiie presence of a small amount of a 



wo 02/102376 PCT/US02/11690 



ifree-radical scavenging antioxidant in a composition of the invention greatly improves 
chemical stability of the drug. This finding is quite different from above-described 
situations where antioxidants have previously been used to prevent drug degradation. 
"Without being bound by theory, it is beiiieved that a free radical-scavenging 
5 antioxidant inhibits, slows or delays polyeithylene glycol degradation, thereby limiting 
or inhibitirig chemical interaction between polyethylene glycol degradation products 
and the dbiig. 

Tlierefbre, a compositioii of fee present invention comprises at least one 
phannaceuti<ially acceptable free radical-scavenging aiitioxidant. A free radical- 

10 scavenging antioxidant is to be contrasted with a "non-firee radical-scavenging 
antioxidanr, i.e. , an antioxidant that does not possess free radical-scavenging 
properties. Noh-limiting illustrative examples of suitable free radical-scavenging 
antioxidants include a-tocopherol (vitamin E), ascorbic acid (vitamin C) and salts 
thereof including sodium ascorbate and ascorbic acid.palniitate, butylated 

15 hydroxyanisole (BHA), butylated hydroxytbluene (BHT), fiimaric acid and salts 

thereof, hypophosphorous acid, malic acid, alkyl gallates, for example propyl gallate, 
oc^l gallate and lauryl gallaie, sodium thiosulfate, sodium sulfite, sodium bisulfite 
and sodium metabisulfite. Preferred free radical-scavenging antioxidants are alkyl 
■ gailate^, vitamin E, BHA'aiid BHT. More preferably the at least one free radical- 

20 scavenging antioxidant is propyl gallate. 

One or more free radical-scavenging antioxidants are present in compositions 
of the invehtioii in a total amouiit effective to substantially reduce formation of an 
addition compound, typically in a total amouiit of about 0.01% to about 5%, 
preferably about 0.01% to about 2.5%, and more preferably about 0.01% to about 1%, 

25 by weight of the composition. 
Other excipients 

Compositions of the invention optionally contain pharmaceutically acceptable 
excipients other than polyethylene glycol and free radical-scavenging antioxidants. la 
the case of a solution composition, for example, such excipients can include co- 
30 solvents, sweeteners, crystallization inhibitors, preservatives, dispersants, emulsi^g 
agents, etc. Through selection and combination of excipients, compositions can be 
provided exhibiting improved performance with respect to drug concentration. 
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dissolution, dispersion, emnlsifieation,. efficacy, flavor, patient compliance and other 
properties. — . 

A composition, particularly ar solution composition, of the invention optionally 
comprises OTie or more pharmaceutically acceptable co-solvents. Non-limiting 
•exainpies of siiitable co-solvents inclutte additional glycols, alcohols, for example 
= ethdfaol and n-butanol; oleic and linoleic acid triglycerides, for example soybean oil; 
caprylic/capric triglycerides, for example Miglyol™ 812 of Huls; capryUc/capric 
niono^ and diglycerides, for example Capmul7>« MCM of Ahitec; polyoxyethylene 
cipryKc/cipric glycerides such as polyoxyethylene (8) capryKc/capric mono- and 
diglycerides. for exaiiple Labrasol™ of Gattefossfr. propylene glycol fatty add esters, 
for example propylene glycol-laurate;.pplypxye^hylene (35) castor oil, for example 
Crembphor™ EL of BASF; polyoxyethylene glyceryl trioleate, for example Tagat™ 
to of Gbldschmidt; lower alkyl est^s of fatty^dds, for exainple ethyl butyrate, ethyl 
caprylate aiid ethyl oleate; and- watet. . . ., 

' A composition; particularly a solution composition, of the invention optionally 
■comprises a phmnaceutically acceptable fatty add and a pharmacenti^aUy acceptable 
or^c amine (also referred to herein aS: a "fatty.acid/oxganic amine pair") in total and 
' ielitiveamountssuchthatthecompositionis,fineIyself-em^^^ 
' gastrib fluid. "Simulated gastric,fluid:Und its abbreviation "5Q^^^ 

herein, describes an aqueous solution.ofO.OlM hydrochloric acid and 0,15M sodium 
chloride, having a pH of about 2. Without heing.bound . by theory,, it is believed that a 
ifatty acid/orgaiiic aminepair,- when present in-a composition of the invention, 
promotes formation of chargedsfine-emulsion droplets upon exposure of the 
composition to an aqueous medium , such as SGF. 

Whether a compodtion is "finely self-emulsifiable" m SGF as defined herein 
can illustratively be deteimmed according to Test 1. 
Test I: 

A. A 400 ^ll aliquot of a test composition is placed into a screw-top, side- 
arm vessel containing 20 ml SGF (maintained at 37°C throughout the 
I test) to form a test liquid. 

. B. The test liquid is mildly agitated at 75 rpm for 2 minutes using an orisital 
shaker, to pennit emulsification. 
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C. A 5—50 ixl aliquot of the test liquid is withdrawn through the side-arm 
using a pipette and is discharged from the pipette into a sampling vessel. 

D. A pump (e.g., model RHOCKC-LF, Fluid Metering Inc., Syosset, NY) is 
used to pull the test liquid from the sampling vessel through a 
combination scattering/obscuration sensor (e.g., LE400-0.5, Particle 
Sizing Systems, Santa Barbara, CA) at a rate of . 1 ml/minute for a period 
of 1 minute. 

E. Emulsion particles are counted individually by light scatteiingj in the size 
' (/.«.; diameter) range from 0.5 tol ym and by light obscqradon in the 
size range above 1 pm, using the vendor!s software (e.^., Vrasipn 1 .59). 

F. A plot is prepared of number (i.e., unweighted) or volume {Le,, 
weighted) of emulsion particles Versus. particle.<Kanieter. 

<j. Integration of the plot, accounting for all dilutions, is perfoimed to 

estiihate total number or volunie of emulsion particles present in the test 
liquid large; enough to be detected by the sensor. 
H. If Test I results in about 25 % or more, by volume, of emulsion particles 
having a diameter of 1 or less, the test composition is deemed to be 
finely self-ernulsifiable. 
Ptefeired fatty acids have a saturated or irasaturated C6^24 caibo Non- 
liidiiting examples of suitable fatty acids include oleic acid, octanoic acid, caproic 
acid, c^rylic acid, c^hc acid, eleostearic acid, lauric acid* nayristic acid, palmitic 
acid, stearic acid, icdsanoic acid* elaidic.acid, linoleic acid, linolenic acid, 
eicosapentaenoic acid and docosahex^noic acid. Oleic acid is an especially preferred 
fatty acid. 

Preferred organic amines have a C2-8 carbon chain with one or two amine 
groups. More preferably, organic amines can be selected from Cm alkyl amines, 
alkylene diamines, alkanol amines, alkylalkanol amines, glycol ether amines and aryl 
amines. Non-limiting examples of suitable organic amines include 
roonoethanolamiiie, dietbanolamine, triethanol amine, dimethylaminoethanol, 
tromethamine, etc. Particularly preferred organic amines are tertiary amines, for 
example triethanolamine and dimethylaioinoethanol. 

Preferably, if present, a fatty acid/organic amine pair is selected (as to both 
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type and amount of each component) such that when, a composition of the invention is 
subjected to Test I, at least about 50%and more preferably at least about 75%, by 
volume, of the emulsion particles counted have a diameter of about 1 pm or less. It is 
especially preferred that a substantial portion by volume of the emulsion particles 
5 counted, mare preferably at least about 75%, still more preferably at least about 85%, 
and most preferably at least about 90%, have a diametor of about 0.5 fim or less. 

A preferred mole ratio of fatty acid to amine group(s) in the organic amine is 
^boiit 5:1 to aboiit 1:100, more preferably about 3:1 :tO;abput 1:50, and still more 
Inferably about 2:1' to about 1:10, for example about Jl:li Preferably, if present, the 

10 fatty acid arid organic aiaaitie are collectively present, in;^ amount of about 1% to 

about 50%; mbre preferably aboiit 2% to about 30%, and still more preferably about 
5% to aboiit 15'%i'by weight of the composition. 

It is believed, without being bound by theory, that a finely self-emulsifiable 
solution composition of the invention, particularly one having a fatty acid/organic 

15 amine pair as described above, will provide the drug in a form that is especially 
rapidly absorbable in the gastrointestinal tract. 

In a solution composition of the invention, the drug, even when finely 
emulsified, can, upon exposure to the aqueous environment of the gastrointestinal 
tract, precipitate and agglomerate in a solid, ^ically acystalline, particulate form. 

20 Such precipitation and/or crystallization can adversely, impact any rapid-onset benefits 
obtkined by administering a drug in dissolved fotm, because, a drug that has revested 
to a crystalline' foriii must und^go the iwocess of dissolution.prior to absorption. 

' ThCTefore, preferred compositions furthor comprise a crystallization inhibitor, 
also referred to herein as a turbidity-decreasing polymer. We have discovered that 

25 certain polyinCTis can substantially inhibit precipitation and/ar .crystallization of a 

pooriy water-soluble drug, when a solution of the drug in a substantially non-aqueous 
solvent is exposed to SGR Accordingly, compositions of the present invention 
preferably comprise a turbidity-decreasmg polymer. The polymer can be a cellulosic 
or non-celliilosic polymer and is preferably substantially water-soluble. 

30 It will be understood that certain polymers are more effective at inhibiting 

precipitation and/or crystallization of a selected pooriy water soluble drug than others, 
and that riot all polymers inhibit precipitation and/or crystallization as described 
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herein of every poorly water-soluble drug. Whether a particular polymer is useful as a 
crystallization inhibitor for a particular poorly water soluble drug according to the 
present invention can be readily ' determined by one of ordinary skill in the art, for 
example according to Test IL . . ^ 

Test n : : ■ ^ , ' : - 

' A.' A suitable amount of the drug is dissolved in a solvent (e.g. , ethanol, 

dimethyl sulfoxide or, -wheiB the drug is an acid or base, water) to obtain 
a concentrated drug solution. . > 

' B. A volume of watra: or bu£kred solution with a.fixed pH is placed in a 

fust vessel and niaintained. at tocmi^tempeaatiTO 
■ G. "An aliquot of the conceaitratedd^g solution is add^ 

die first vessel to obtain a first.sample. solution haying a (|esired target 
drug concentration. ■ The drug concentration selected should be one 
winch produces substantial precipitation and consequently hi^er 
apparent absorbance tca:bidity),than a saturated solution having no 
such precipitation. ■ .■ - . . ' 

D. A test polymer is selected andj in a second vessel, the polymer is 
dissolved in water or a buffered solution >yith a fixed i>H (identical in 
composition,- pH and voliraie to that;used in step^Q. m a^ 
sufficient to foriri a 0.25%/- 2% >y/wjpqlymei solution^ . 

E. To form a second sample solutioni<an aliquot of thp concentrated drug 
solution prepared in step A is.added to the pplymer solution in the 
second vessel to fbnn a sample solution having a final- drug , 
concentration equal to that of the first sample solution^ 

F. At 60 minutes after pr^aration.of both sample solutions, apparent 
absorbance turbidity) of each sample solution is measured using 
light having a wavelength of 65.0 mn; . 

G. If the turbidity of the second sample solution is less than the .turbidity of 
the first sample solution, the test polymer is deemed to be a "turbidity- 
decreasing polymer" and is useful as a crystallization inhibitor^for the 
test drug. 

A technician performing Test II will readily jBnd a suitable polyma: 
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concentration for the test within the polymer concentratipn range provided above, by 
routine experimentation. In a particularly preferred embpdimentr a concentration of 
the pblyiner is selected such that when Test H is performed, the apparent absorbance 
of the second sample solution is not greater than about 50% of the apparent 
absorbance of the first sample solution. 

Jn anofeer einbodimeiit, compositions of the.invention compiise a 
crystallization inhibitor comprising at least one cellulosic:polymer. Preferred 
cellulosic polymers are selected from HPMC, methylcellulose, ethylcellulose. sodium 
carboxymethylcellulose and-hydroxyprOpylceUulosie. More preferably, the at least one 
cellulosic polymer is selected from cellulosic polymers, having at least a portion of 
substitutable hydroxyl groups' subistitated with methoxyl.and/pr hydrpxypropoxyl 
groups. Still more prefCTably, the at least one cellulosic polymer is HPMC. 

HPMG useful as a crystallization inhibitor according to the invention 
preferably has a viscosity, 2% iii water, of about 100 to about 20,000 cP. HPMCs 
vary in the degree of substitution of available hydroxyl groups.on the cellulosic 
backbone by methoxyl groups and by hydroxypropoxyl groups, With increasing 
hydroxypropoxyl substitution, the resulting HPMC becomes more hydrophilic in 
nature.' It i^ preferred to lise HPMChaving about 15% to about 35%. more preferably 
about 19% to about 30%, aiid most preferably about 19% to about 24%, methoxyl 
substitutidn, and having about 3% to about 15%, more preferably about 4% to about 
12%, and most piefeiably about 7% to ^bout 12%. hydrpxyprppoxyl substitution. 

Suitable HPMCs that are relatively hydrophilic in nature are illustratively 
available under the hraiid names Methocel™. of Dow Chemical Co. and Metolose™ 
of Shin-Etsu Cheniical Co. 

An illustrative presently preferred HPMC is one vfith substitution type 2208, 
denoting about 19% to about 24% methoxyl substitution and about 7% to about 12% 
hydroxypropoxyl substitution, and with a nominal viscosity, 2% in water, of about 
4000 cP. 

Surprisingly, it has been found that the crystaUization inhibitor need not be a 
component of the solvent liquid. Optionally, a crystallization inhibitor such as HPMC 
can be a component of a capsule wall wherein a solution composition of the. invention 
is encapsulated. In one embodimentj substantially no HPMC or otiier crystallization 
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inhibitor is present in the solvent liquid but the capsule wall coii^^ The 
capsiule wkll can even consist predominantly of HPMG. . ^ 

If pitsent, the crystallization' inhibitor is preferably present in a total amount 
sufBcient to substantially inhibit drug crystallization and/br precipitation upon 
5 dilution of the composition in SGF- ■ An amount sufficient to "substantially inhibit 
drug ciystallization and/or precipitiation" herein means, an amount sufficient to 
prevent, slow, inhibit bir delay piecipitation of drug fit>m solution and/or to prevent, 
slow, inhibit or delay formation of crystallinie drug particles from dissolved drug 
particlesl Fot practical purposes, whetha= an amdunt ofcrystallisMition inhibitor in a 
10 given t^t composition is isufficieM to substantially iiihibitdiu and/or 
jnecipiteition can be deteamined according to Test m, which can also be used to 
determine Whether a particular p 

inhibitor in! a particular' com^ •. ;■>• .• 

■ ' Testim ^ ■ ' ■ - . ' ■ - ■ ' - - ' - 

1^" A!;' ' A volimie ofa test compositibn, either in unencapsulated or encapsulated 



form, having a polymer component is placed in, a volume of SGF to form 
a mixture having a fixed ratio of about 1 g to about 2 g of the 



coihposition per lOO'ml of SGF. - 



B. 



" TTie mixturfc is^ of about ST^C and is 

stikreii using l^ H paddles (USP 24) at a rate of :75.rpm for a period of 



4' tours'.'; 



25 



30 



C. 



D. 



E. 



F. 



At one OT more time^points'afler at least.about 15 minutes of stirring but 
before'abbut -4 hoiirs of stirring,' an aliquot of the-mixture is drawn and 
filtered, for example through a nooi-straile Acrodisc™ syringe filter witii 
a 0.8 }im Versapor''** membrane. 
Filtrkte is collected in a vessel. 

Drug concentration in the filtrate is measured using high performance 
liquid chromatography (HPLC). 

The teist is repeated identically with a comparative composition that is 
substantially similar to the test composition except that it lacks the 
polymer component. Where the polymer component in the test 
composition is present in the solvent liquid, it is replaced in the 
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comparative composition by polyethylene glycol solvent. Wl^ere the 
polymer component in the test composition is present in a capsule wall, it 
is replaced in the comparative composition with gelatin. 
G- If the-drug concentration in the filtrate resulting from the test 
5 compositioii is greatar^than that in the filtrate resulting fi-om the 

comparative compositicm, die polymer component present in the test 
composition is deramed to substantially inhibit crystallization and/or 
precipitation of the drug in SGF. 
A crystaUization inhibitor such.as HI»MG, when present in the solyent Uquid, 
10 is generally present in a total amount.of about l%,to. about 20.%„preferably about 1% 
to about 15%, and most preferably ^bout 1^ tp.about 10%, by wei^t of the solvent 
liquid. Typically, the higher the drugtconcentration in the composition, th^ ^more of 
the ceUulosic polymer will be required to pipvide a crystallization-inhibitmg effect 
Generally, the crystallization inhibitor, if present, and flie drug are, present in a ratio of 
15 about 1:100 to about 1:1, preferably about l:50to about 1:1 andmorepreferably 
aboiit 1:25 to about 1:1, by weight. . 

A coinposition of the invention optionally comprises one or more 
pharmaceutically acceptable sweeteners. Non-limiting examples of suitable 
swefet<5ners include mannitol, propylene glycol, sodium saccharin, acesulfame K, 
20 neotabie and aspartame. Alternatively or in additioji,; a viscou? sweetener such as 

sorbitol solution, syrup (sucrose solution) or high-fiiictose com syrup can be used and, 
in addition to sweetening effects, can also be useful to increase viscosity and to retard 
sedimentation. Use of sweeteners is especially advantageous in imbibable 
compositibns of the invention, as these can be tasted by the subject prior to 
25 swallowing. An encapsulated compositiaD does not typically intearact with the organs 
of taste in the mouth and use of a sweetener is normally unnecessary. 

A composition of the invention optionally comprises one or more 
pharmaceutically acceptable preservatives other than free radical-scavenging 
antioxidants. Non-Bmiting examples of suitable preservatives include benzalkonium 
30 chloride, benzethonium chloride, benzyl alcohol, chlorobutanol, phenoj. phenyletfayl 
alcohol, phenyhnercuric nitrate, thimerosal, etc. 

A composition of die invention optionally comprises one or more 
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pharmaceuticaDy acceptable wetting agents. Surfactants, hydropJulic polymers and 
certain clays can be useful as wetting agents to aid in dissolution and/ or dispersion of 
a hydrophobic drug such as celecoxib. Non-limiting examples of suitable surfactants 
include benzalkonium chloride, benzethonium chloride; cetylpyridinium chloride, 
5 Acetyl sodium sulfosucciiiate, nonoxyn 9, nonoxynol 10, octoxynol 9, poloxamers, 
polyoxyethylene (8) capryUb/dapric liibno^ and diglycerides (e.g., Labrasol™ of 
Gattefoss6), polyoxyethyfene (35> ciastor oU, polyoxyethylene (20) cetostearyl ether, 
polyoxyethylene (40) hydrograiated castor oil, polyoxyethylene (10) pleyl ether , 
polyoxyethylene (40) stearate,polys6rbate 20. polysorbate 40,^ 
10 polysorbate 80 (e.g., Tween™ 80 of ICl), propylene glycol.laurate (e.g,, 

Laurogiycoi™ of GattefbsS6), s6dium lamyl sulfate, sorbitan monolaurate, sorbitan 
monooleate, sorbitan mbnopiaimitate, soibitan inondsteafate,: tyloxapol, and mixtures 

thereof. • ~ 

Additionally, Compositions of the invention optionaUy compri^^ 
15 ' pharmaceu^caily acceptkble buffering agents, flavoring agents, colorants, stabilizers 
and/or thickeners. Buffers can be used- to control pH of a formulation and can thereby 
modulate drug solubility. Flavoring agents can enhance patient compliance by 
'making flie composition more palatable^ particularly in the case of an imbibable 
composition, and coior^^^ 
' 20 ' istintrtive appearaiice. hTbii-limiting examples of suitable colorants.include D&C 
' lied No: 33. EDfed Red ko. 3. FB&C Red No. 40, D&G Yellow No. lO, and C 
YellowNole. ' ' ' ' ■ r.- 

Solution/suspension compositions 

In one embodiment, the solvent liiquid, depending on die particular 

25 components present therein, is suitable to maintain a first portion of drug in solution 

to provide a therapeutically effective rapid-onset dose while also maintaining a second 
portion of the drug undissolved but in suspension. The suspended portion typically 
provides less immediate release of the drug and so can extend the duration of 
therapeutic effect, although such extended duraltion is not a requirement of this 

30 embodiment of the invention. 

Therefore, according to this embodiment a composition is provided 
comprising a therapeutically effective amount of a poorly water-soluble 
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aminbsulfonyl-comprising drug, in part dissolved and in part dispersed in a solvent 
Uquid that comprises at least one phaimaceutically acceptable polyethylene glycol and 
at least one.pharmaceutically acceptable free radica|-scayenging antioxidant In this 
• embodiment, part of the dnig is in solution and part is^m 

Preferably, the components of the solvent liquid are selected such that at least 
about 15% by weight of the drug is in dissolved or solubUized fonn m the solvent 
Uquid. One way of modi^g.a solvent liquid to increase the amount of the pooriy 
water-soluble aminosulfonyl-compnsing drug in.suspensipn.as opposed to solution is 
to add water in an amount necessary to give the rpquired reduction in solubility of the 
drug in the solvent liquidL . .. , ■ 

Depending on the relative importance of rapid onset and sustained action for 
the indication for which the drug is being;adn4?istered, the relative proportions of 
dissolved and suspended drug can be varied significantly. For example, for acute pain 
mdications, about 50% of the drug can be in solu^on and about 5Q% of the drug can 
be dispersed in particulate form. Alternatively, for indications demanding longer 
actiiig therapeutic effectiveness. Dlustratively abput 20% of the dnig can be in solution 
and about 80% of the drug can be dispersed in particulate form. 

The particulate form of ,the (hug can be generated xnechanicaUy, for example 
by imlling or grinding, or by precipitation from solution. Particles formed direcUy 
from such processes are diescribed herein as "prinnary pMticles" and can agglomerate 
to form secondary aggregate particles. The term -"p?irticle as used herein refers 
to size, in the longest dimension, of primary particles, unless the context demands 
otherwise. Particle size is beUeved to be an important parameter affecting the clinical 
effectiveness of celecoxib and other drugs of low water solubility. 

Particle size can be expressed as the percentage of total particles that have a 
diameter smaller than a given reference diameter. For example, a liseful parameter is 
'T)9o particle size". By definition, in a batch of a drug that has a D90 particle size of 
60 jjun, 90% of the particles, by volume, have a diameter less than 60 [ixa. For 
practical purposes a determination of D90 based on 90% by weight rather than by 
volume is generally suitable. 

Compositions of this embodiment preferably have a distribution of suspended 
drug particle sizes such that D90 of the particles, in their longest dimension, is about 
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0.5 nm to about 200 pm, preferably about 0.5 Mm to about 75 jxm, and more preferably 
aboiit 0.5 pmi to about 25 ixm. For example, where the drug is celecoxib, a decrease in 
partide size in accordance with this embodiment of the invention generally improves 
drug bioavailability. In addition or alternatively, suspended celecoxib particles in a 
5 composition of the invention preferably have a mean particle size less than about 10 
nm, more preferably about 0.1 pin to about 10 ^un,. and most prefCTably about 0.5 pm 
to about 5 vimi for example about 1 fim. 

Compositions of this embodiment can optionally comprise additional 
excipibnts such as crystallization inhibitors, dispCTsants, co-solvents, sweeteners, 

10 preservatives, emulsifying agents, crc., as described above. Further, compositions of 
this embodiment can be formulated either in imbibable or discrete dosage form. 

Additionally, certain excipients such as suspending agents, thickening agents 
and flocculating agents can be particularly useful where suspended drug particles are 
desired, for examjple in solution/suspension compositions. Through selection and 

15 combination of excipients, solution/suspension compositions can be provided 
exhibiting improved performance with respect to drug concentration, physical 
stability, efficacy, flavor, and overall patient compliance. 

Solution/suspension compositions of the invention optionally comprise one or 
more phannaceutic^y acceptable suspending agents. Suspending agents are used to 

20 mpart increased viscosity and retod sedimentation. Suspendmg agents are of various 
• classes including cellulose derivatives, clays, natural gums, synthetic gums and 
miscellaneous agents. Non-limiting examples of suspending agents that can be used 
in compositions of the present invention include acacia, agar, alginic acid, aluminum 
monostearate, attapulgite, bentonite, carboxymethylcellulose calcium, 

25 carboxymethylcellulose sodium, carrageenan, carbomer, for example carbomer 910, 
dextrin, ethyhnethylcellulose, gelatin, guar giun, HPMC, methylcellulose, 
ethylcellulose, ethylhydroxyethylcellulose, hydroxyethylcellulose, 
hydrbxypropylcellulose, kaolin, magnesium aluminum silicate, microcrystaUine 
cellulose, microcrystaUine cellulose with carboxymethylcellulose sodium, powdered 

30 cellulose, silica gel, colloidal silicon dioxide, locust bean gum, pectin, sodium 

alginate, propylene glycol alginate, tamarind gum, tragacanth. xanthan gum, povidone, 
veegum, glycyrrhizin, piegelatinized starch, sodium starch glycolate and mixtures 



wo 02/1.2376 PCTn,S«2/n690 



thereof. 

in certain circumstances, it can be desirable to use flocculating agente 
solution/suspensipn compositions of the invention. Flocculating agents enable 
particles to liiik together in loose aggregates or floes and include surfactants, 
hydrbphilic polymers, clays and electrolytes. Non-limiting examples of suitable 
fibcdulating agents include sodium lauryl sulfate, docusate sodium, beqzalkonium 
chloride, cetylpyiidinium chloride, polysorbate 80. sorbitan monolaurate, 
c^boxymethylcellulose sodium, xanthan gum, tragacanth, methylceUulose. PEG, 
magnesium aluminum silicate, attapulgite, bentonite, potassium dihydrogen 
phosphate, aluminum chloride, sodium cMoride and mixtures thereof . 

Discrete dosage forms 

It has been foimd that the deinands of a rapid-<)nset formulation are met 

surprisingly weU by a preparation contai n i n g a solution or solution/suspension of the 
prientivoitionenc^sulatedasadisCTetedoiageunitarti^ Therefore, another 
embodiment of the present invention is a concentrated composition, either a solution 
or solution/suspension, wherein the cdtopositidn is forinulated as one or more discrete 
dose units, for example soft or hard capsules. 

Any suitable encaj^sulation idaat^^, for example gelatin or HPMC, can be 
used. As indicated hereinabov6,'iEiPMC cm be an 'Advantageous material for use in 
the capsule wall because it can act as a ci^sthllization ihhihitar upon exposure of the 
composition to gastrointestinal fluid. A polyroer component such as HPMC is 
"present in the capsule wall" or is a "capsule Wall component" as described herem if 
the polymer is (a) dispersed 6r mixed together with any other capsule wall 
componentCs), (b) the only capsule wall component,' or (c) present as a coating on the 
outside or inside of the capsule wall. 

In a presently preferred embodiment, a crystallization inhibitor, preferably a 
polymer having methoxyl and/or hydroxypropoxyl substitution as described 
hereinabove, and more preferably HPMC, is present in the capsule wall in a total 
amount of about 5% to substantially 100%. and preferably about 15% to substantially 
100%, by weight of the wall. 

The crystallization inhibitor is preferably present in the wall in a total amount 
sufficient to substantially inhibit drug crystaUization and/or precipitation upon 



wo 02/102376 



30 



PCTAJS02/11690 



dissolution, dilution and/or degradation of the composition in SGF. For practical 
purposes, whethei: an amount of crystallization inhibitor present in the wall of a given 
test composition is sufficient to substantially inhibit drug crystallization and/or 
precipitation can be determined according to Test IV, which can also be used to 
determine' whether a particulair polymer component is useful as a crystallization 
inhibitoF when present in the capsule wall of a particular composition of the invention. 
Test IV: 

A. A volume of a solution or solution/suspension as described herdn above 
is enclosed iii a capsule comprising a test polymer to form a test 
composiitioii, and is placed in a volume of SGF to form a mixture having 
a fixed ratio of about 1 g to about 2 g of the composition per 100 ml of 
SGF. 

B. ■ The mixture is maintained at a constant temperature of about 31°C and is 

stirred using ^npe II paddles (USP 24) at a rate of 75 rpm for a period of 
4 hours. 

C. At' one or inore time-points after at least about 15 rrdnutes of stirring but 
biefdre about 4 hours of stirring, an aliquot of the mixture is drawn and 
filtered, for example through a nan-sterile Acrodisc™ syringe filter with 
a 0.8 jmi Versapbr™ membrane. 

D: Hltrate is collected in a vessel. 

E. Dtug'concentratioh in the filtrate is measured using high performance 
liquid chroinatography (EDPLC). 

F. The test is repeated identically with a comparative composition 
comprising a solution or solution/suspension that is substantially similar 
to the solution or solution/suspension used in Step A but which is 
enclosed in a capsule comprising no crystallization inhibitor 
comprises no poI>Tner or, if a polymer is present, it is a polymer such as 
gelatin which does not inhibit crystallization and/or precipitation). The 
polymer component is replaced in the capsule enclosing the comparative 
composition with gelatin. 

G. If the drug concentration in the filtrate resulting from the test 
composition is greater than that in the filtrate resulting from the 
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comparative composition, the polymer component present in the capsule 
wall of the test composition is deemed to be present in an amount 
sufficient to substantially inhibit crystallization and/or precipitation of 
the drug in SGF. . . -. 

la addition to one or more such crystallization inhibitors, a.suitable capsule 
waU can comprise any additional.component useful in the art such as gelatin, starch, 
carrageenan, sodium alginate, plasticizers, potassium chloride, coloring agents, etc. A 
smtable capsulehereinmay have ahardor softwalL , 

Preferably, one to about six, more preferably one to about four, and still more 
preferably one or two of such discrete dosage miits per d^y provides a therapeutically 
effective dose dfithe dnig. 

Compositions of this embodiment are preferably formulated such that each 
discrete dosage unit contains about 0.3 ml to about 1.5 ml. more preferably about 0.3 
inl to about 1 ml, for example about 0.8 ml or about 0.9 ml, of solution or 
solution/suspension. 

Goncfentrated solutions or solutions/suspensions can be encapsulated by any 
method known in the art including the plate process, vacuum process, or the rotary die 
piWcess. See. for example, Ansel et al. (1995) in Pharmaceutical Dosage Forms and 
nm p Delivery Systems, 6th ed., Williams & Wilkins. Baltimore. MD, pp. 176-182. 
By the rotary die process, liquid encapsulation material, for example gelatin, flowing 
fioiii an' overhead tank is formed into two continuous ribbpns.by a rotary die machine 
and brought together by twin rotating dies. Simultaneously, metered fill material is 
injected between ribbons at the same moment that the dies form pockets of the 
ribbons. These pockets of fill-containing encapsulation material are then sealed by 
pressure and heat, and flie capsules are served from the machine. 

Soft capsules can be manufactured iq dilfferent shapes including round, oval, 
oblong, and tube-shape, among others. Additionally, by using two different ribbon 
colors, two-tone capsules can be produced. 

Capsules that comprise HPMC are knovra in the art and can be prepared, 
sealed and/or coated, by way of non-limiting illustration, according to processes 
disclosed in the patents and publications listed below, each of which is individually 
incorporated herein by reference. 
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United States Patent No. 4,250,997 to Bodenmann eteiL 
United States Patent No. 5,264,223 to Yamamoto etaL . 
United States Patent No. 5i756; 123 to Yamamoto etai. . 
International Patent Publication No. WO 96/05812. 
5 International Patent Publication No. WO 97/35537. 

International Patent Publication No. WO 00/18377, 
lutemational Patent Publication No. WO 00/27367. 
Intemational Patent Publication No. WO 00/28976. 
Intemational Patent Publication Np^ WO pi/03676; . 
10^ European Patent. AppUcation No. 0211 079, . .^ 

Eiiropean Patent Application No._0 9.19,228., ^ . r,. 

European Patent AppKcalion NOvl -^?,^^^'. . - . 

. i : Non-liinitingiUustrative exMnples p^^^ 

. . include XGel™. capsules of Bioprogress.mdpualicaps'^ of SMonp^. 

15 trhbiba Me dosage fbrm's • , , 

Another embodirhent'of the present invention is a concentrated composition, 
either a concentrated solution of a concentrated solution/suspension, that cm be 
directly imbibed or diluted with in6rt diluents and/or other catrirars and imbibed; such 
compositions of the inventidi, wheth^ diluted Or. not, are referred to for convenience 
20 h^in as "irnbibable compositidiis". Imtabable compositions can be prepared by any 
" siiitable ineflibd of phannacy that includes the steps of bringing into association the 
' iiig of low water solubmty.iUustrativelycelecbxib, and the solvent Where 
the drug is celecdxibi compositioiis of fliis embodiment preferably contein about 40 
mg/ml to about 750 mg/ml, inoie preferably about 50 mg/ml to about 500 mg/ml, stiD 
25 more preferably about 50 mg/ml to abont350 mg/ml, and mos_t preferably, about 100 
mg/ml to about 300 mg/ml, for example about 200 mg/fiaI,.of celecoxib. 

In a further embodiment, solutions or solution/suspensions of fee invention are 
provided that are required to be diluted to provide a dilution suitable for direct, 
irnbibable administration. In this embodiment, solutions or solution/suspensions of 
30 the present invention are added, in a therapeutically effective dosage amount, to about 
1 ml to about 20 ml of an inert liquid. Preferably solutions or solution/suspensions of 
the present invention are added to about 2 ml to about 15 ml, and more preferably to 
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about 5 ml to about 10 mli of inert liquid. The tram 'Inert liquid" as used herein 
refers to pharmaceutically acceptable, preferably palatable.liquid cairiers. Such 
carriers are typically aqueous. . Examples include water, firuit juices, carbonated 
beverages, etc. 

5 Utility of compositions that comprise a selectiv e CQX-2 inhibitory- drug 

In a pref ranted eiiibodiment, compositions of the invention comprise an 
aminosulfonyl-comprising selective COX-2 inhibitory drug of low water solubility. 
Compositions of this enibiadiment are useful in treatment and prevention of a very 
wide range of disordws ineffiated by COX-2, including biit not restricted to disordCTS 

10 characterized by inflammation, pain and/or fever. Such cOThpositions are especially 
useful as anti-inflammatOTy agents, such as in treatment of arthritis, with the 
additional benefit of having significaiitly less harmful side effects thaii compositions 
of conventional nonsbroidil iariti-iiiflainmatory driigs^ (^^ selectivity 
for COX-2 over COX-l . La particular, such compositions have reduced potential for 

15 gastrointestinal toxicity and gastrointestinal irritation incliiding upper gastrointestinal 
ulceratibii and bleeding, reduced potential for renal side effects such as reduction in 
renal function leading to fluid retention and exacerbation of hypertension, reduced 
effect on bleeding tinies including inhibition of platelet fiinption, imd possibly a 
lessened ability to induce asthma attacks in- aspirin-sensitiye asthmatic subjects, by 
' 20 comparison with compositions of conventional NSAIDs. Tliys;qQmppsitioflS of the 
invention comprising a selective COX-2 inhibitory drug are, particularly useful as an 
alternative to conventional NSAIDs where sudhNSAIDs are eontraindicated, for 
example in patients vwth peptic ulcers, gastritis, regional enteritis, ulcerative colitis, 
diverticulitis or vwth a recurrent history of gastrointestinal lesions; gastrointestinal 

25 bleeding, coagulation disorders including anemia such as hypojHrothrombinemia, 

hemophilia or other bleeding problems; kidney disease; or in patiemts prior to surgery 
or patients taking anticoagulants. 

Such compositions are useful to treat a variety of arthritic disorders, including 
but not limited to rheumatoid arthritis, spondyloarthropathies, gouty arthritis, 

30 osteoarthritis, systemic lupus erythematosus and juvenile arthritis. 

Such compositions are also useful in treatment of asthma, bronchitis, 
menstrual cramps, preterm labor, tendinitis, bursitis, allergic neuritis, cytomegalovirus 
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infecdvity, apoptosis inclvkding HlV-m^ 

including hepatitis, skin-related conditions such as psoriasis, eczema, acne, bums, 
dermatitis and ultraviolet radiation damage including sunburn; and post-operative 
inflammatioii including that following ophthalinic surgery such.aSjCataract surgery or 
5 refractive surgery. 

Such cornpositions are useful to tfeat gastrointestinal conditions such as 
infljimmiitQiy bowel disease, erohii's disease, gastritis, irritable bowel syndrome and 
uiceratlvb'colitis. 

Such cQinpbsitions are useful in treating inflammatipn in such: diseases as 
10 niigraine'head^hes, periartCTtis' nodosa; .thyroiditis; aplastic.^ Hodgson's 

disease, TClaxWoma;rbfeuiaatiG fever, type lidiabetes disease 
ihbluding myasthenia gra\ds; white matter disease including; multiple »;lax>sis, 
sarcoidosis; nephrotic syndrome, Behcet's syndroniie, polymyositis, gingivitis, 
nephritis, hyperseisitivity, swelling occurring after injury includisig brain edema, 
15 myocardial ischenaia; arid the -Uke. 

Such compositions are useful in treatment of ophthalnuccdiseases, such as 
retinitis, conjunctivitis, retiiiopathies, uveitis, ocular photophotaai and of acute injury 
to the eye tissue; v . . , 

Such coinpositibns are useful in treatment of pulmonary inflammation, such as 
20 that associated with- viril infections and cystic fibrosis,: ^d. in bone resorption such as 
that as^sodated with osteoporosis- • .. • - x: 

Such compositions are useful -for treatment of oeactmn cen.tral nervous system 
disbrdars, such as cortical dementias including Alzheimer' s disea^ 
nburodegeneiration, and central nervous system damage resulting from stroke, 
25 ischemia and trauma. The term "treatment" in the present context includes partial or 
total inhibition of dementias, including Alzheimer's difsease, vascular dementia, 
multi-infarct dementia, pre-senile dementia, alcoholic dementia andj senile d^entia. 

Such compositions are useful in treatment of allergic rhinitis, respiratory 
distress syndrome, endotoxin shock syndrome and liver disease. 
30 Such compositions are useful in treatment of pain, including but not limited to 

postoperative pain, dental pain, muscular pain, and pain resulting from cancer. For 
example, such compositions are useful for relief of pain, fever and inflammation in a 
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Variety of conditions including rheumatic.fever. influenza and othCT viral infections 
including common cold, low back and neck pain? dysmenorrhea, headache, .toothache, 
sprains and strains, myositis^ neuralgia, synovitis, arthritis, including rheumatoid 
'arthritis, degenerative joint diseases (osteoarthritis), gout and ankylosing spondylitis, 
5 bursitis, bums, and tra\una following surgical and dental procedures. 

Such compositions aremsefiil for treating and preventing inflammation-related 
cirdiovasciiiar disorders, including Vascular diseases, coronary artery disease, 
aneurysm, vascular rejection, arteriosclerosis, atherosclerosisincluding pardiac 
transplant^atiierosclerosis, myocardial infarction,;embplism, stroke, thrombosis 
10 including vehbus'thronabosis^angina including:unstable an^a, coron^y. plaque 
- iiiflaniiMti6n;Mfcterial-induc€Mliiiflanmiation^^ 

inflammation, viral' induced inflaanmation, and inflainmatipn associated vrith surgical 
procedures such as vascular grafting including corpnary artery bypass surgery, 
revasculaiizatibn procedures including angioplasty* stent placement, endarterectomy, 
15 or other invasive procedures involving arterieSj veins and; capillaries. 

Such compositions are useful in treatment of angiogenesis-related disorders in 
a-subject, for example to inhibit tumor angiogenesis. Such compositions are useful in 
treatment of neoplasia, including metastasis; ophthalmological conditions such as 
cofiieal gfaft rejecti^n, ocular neovascularization, retinal nepvasc;ularization including 
20 'iiebvascularizati6n following injury ► or. infection^ diabetic retinopathy, macular 

degeneration, retrolental fibroplasia and neovasci]|lar glaucoma; ulcerative diseases 
' such-as gastric ulcer; pathological, but' noormalignan t y; conditions such as 
hemangiomas, including infantile hemangiomas, angiofibroma of the nasopharynx and 
avascular necrosis of bone; and disorders of die female reproductive system such as 
25 endometriosis. 

^iich eoinpositions are useful in prevention and treatinent of .benign and 
malignant tumors and neoplasia including cancer, such as colorectal cancer, brain 
cancer, bone cancer, epithelial cell-derived neoplasia (epithelial carcinoma) such as 
basal cell carcinoma, adenocarcinoma, gastrointestinal cancer such as Up cancer, 
30 mouth cancer, esophageal cancer, small bowel cancer, stomach cancer, colon cancer, 
liver cancer, bladder cancer, pancreas cancer, ovary cancer, cervical cancer, lung 
cancer, breast cancer, skin cancer such as squamous cell and basal cell cancers. 
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prostate cancer, renal cell caxciibma, arid other known cancers that effect epithelial 
cells throughout the body/ Nebplasias for which compositidris of the invention are 
cdntempiated to be particiilai-ly'useftil are gastrointestinal cancer, Barrett's esophagus, 
liver cancer, bladder cancer^ piancreatic cancer» ovarian cancer, prostate cancer, 
5 cervical cancer, lung cancer, breast'cahcer arid skin cancer. Such compositions can 
also be used to treat fibrbisis thit ofccurs with radiation therapy. Such compositions 
can be used to treat subjects hi'aVing adenomatous polyps, including those with familial 
adenomatous polyposis (fXP).' Additionally, siich compositioris can be uised to 
prevent polyps from fanning in pa^ ^ 

10 Suchcom^itibns'mhibitproiStanbid-inducedsm 

inhibiting synthesis of contractile pfostarioids and hence can be of use in treatment of 
dysmenorrhea, premature iaborl'ai^fteiia and eosiriqphil^related' disorders. They also 
' can be of use for decreasing tone ibss jpartic'ularly in ^bstmenc^ausal'wtHnen 
treatinent of bstedporosis), and for treatnie^^^^ 

15 Because of the rapiS driset of therapeutic effect that can be exhibited by 

compositions of the invention, thesa compositions have particular advantages over 
prior fcamulations for treatment of acute COX-2 mediated disdrders, especially for 
relief of pain, for exampile iii headache; including sinus headache'arid migraine. 

Preferred uses fbr bbrnpbsition's of the present irivehtion are for treatment of 

20 rheumatoid arthritis and b^tebjitrthritis/far pain liianageinent generally (pMticularly 
post-orai surgery pairi, pHbst-geiieral'snrgery pain, post-orthopedic surgery pain, and 
acute flares of osteoarthritis), for prevention and treatment of hejadiacfae and migraine, 
for treatment of Alzheimer's disease, and for colon cancer chemoprevention. 

For treatment of irheumatoid arthritis or osteoarthritis; such compositions of 

25 the invention can be used to provide a daily dosagp of celecbxib of about 50 mg to 

about 1000 mg, preferably about 100 mg to about 600 mg, more preferably about 150 
mg to about 500 mg, still more preferably about 175 mg to about 400 mg, for example 
about 200 mg. A daily dose of celecoxib of about 0.7 to about 1 3 mg/kg body weight, 
preferably about 1.3 to about 8 mg/kg body weight, more preferably about 2 to about 

30 6.7 mg/kg body weight, arid still more preferably about 2.3 to about 5 .3 mg/kg body 
weight, for example about 2.7 mg/kg body weight, is generally appropriate when 
administered in a composition of the invention. The daily dose can be administered in 
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one to about four, doses per day, preferably .ox^e.OT per day. 

For treatment of Alzheimer's disease or. cancCT, OTch 
invention can be used to provide a daily dosage.of.c»lecoxib of about 50 mg to about 
1000 mg, preferably about 100 mg to about SOO mg,; more preferably about 150 mg to 
5 about 600 mg, and still more preferably a,bout 175 mg to about 400 mg. for example 
about 400,mg. A daily .dose of about 0.7 to about 13 mg/kg body weight, preferably 
about 1 .3 to about 10.7 mg/kg body weight, more preferably about 2 to about 8 mg/kg 
body weight, and still more preferably about 2.3 to about 5.3 mg/kg body weight, for 
example about 5.3 mg/kg body,, weight, is generally ap^roi)riate when administered in 
.10 ;■ a,composition<ofrthe invention^ . .Tnhe daily dose can be administered in one to about 
four doses per.day, preferably, one or two doses per day. 

.. .• ~ - FoT^pain managemraat.gen^a^ and specifjcaUy for treatuAent and prevention 
of headache and inigraine, such.compositipns of the invention can be used to provide 
a daily dosage of celjscoxib of about 50 mg to about 1000 mg, preferably about 100 
15 mg to. about 600 rng, more preferably about 150 mg to about 500 mg, and still more 
preferably about 175 mg to about 400 mg, fpr exampjle about 200 mg. A daily dose of 
celecoxib of about 0.7 to about 13 mg/kg body wei^^ preferablj^ about 1.3 to about 8 

, ing/kg body^weight, more preferably about 2 to about 6.7 mg/kg body weight, and still 
more preferably about 2.3 to about 5.3 mg/kg body weight, for exanaple about 2.7 
20 mg/kg body jW.ei^t, is ^generally appropriate when admirustraed in a composition of 
the invention.. The daily dose can be administered in one to about four doses per day. 

. Adnrinistration at a rate^of one 5Q mg dose mut four t^ 

unit or two SO mg dpse units twice.a day or one 200 mg dose, um^ two 100 mg dose 

units or four 50 mg dose units once, a.day is preferred. 
25 . For selective COX-2 inhibitory drugs other tfam celecoxib, appropriate doses 

can be selected by reference to ,the patent literature cited hrareinabove. 

Besides being useful for human treatment, such conq)ositions of the invention 

are useful for veterinary treatment of companion aiumals, exotic animals, farm 

animals, and the lik&, particularly mammals. More particularly, such compositions of 
30 the invention are useful for treatment of COX-2 raediated disorders in horses, dogs 

and. cats. 

This erabodiment of the invention is further directed to a therapeutic method 
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of treating a condition or disorder where treatment , with a COX-2 inhibitory drag is 
• indicateci, the method comprising oral administration of a composition of the 
inventioh to a subject in need thereof. Hie dosage regimen to prevent, give relief 
from, or ameliorate the.condition or disorder preferably corresponds to once-a-day or 
5 - twice-a-day treatment, but can be modifled in accordance with.a variety .of factors. 
These include the type, age, weight, sex, diet and medical condition of the subject and 
the nature and severity of the disorder. Thus, the dosage regimen actually employed 
caii vary widely and can therefore deviate from the preferred dosage regimens set forth 
• ■ above. 

10 • ' 'Ihitial treatment can begin with a-dose4regimen as-in<Kca Treatment 

is golefally continued as-necessaiy oyer a period of several weeks to sevaral months 
or years iintil the condition or disorder has,;been controUed.or eliminated. Subjects 
undergoing trieatment witii a composition of fee inyCTtion cm be routinely monitored 
by any of the ritethods well known in the art to detOTnine effectiveness of therapy. 

15 Continuous aiialysis of data.from such morutoring pennits 

treatinent regimen during therapy so that optimaUy eiffectiye dpses are administered at 
any point in time, and so that the duration of treatment can be determined. In this 
way,' the treatment regimen and dosing schedule can be rationally modified over the 
course' df therapy so that the lowest amount of the composition exhibiting satisfactory 

20 ^effectiveness is adrninistered, and so that administration is continued only for so long 
as is liecessary to successfully treat the condition or. d^^ 

'Compositions of the present embodiment can be used in cpmlnnation therapies 
with opioids and other analgesics, including narcotic analgesics, Mu receptor 
antagonists. Kappa receptor antagonists, non-narcotic (i.e. npnraddietive) analgesics, 

25 "monoanoine uptake inhibitors, adenosine regulating agents, cannabinoid derivatives, 
Subktance P ahtegonists; neurokinin-! receptor antagonists and sodimn channel 
blockers, among others. Preferred combination therapies comprise use of a 
composition of the invention with one or more compounds selected from aceclofenac, 
acerhetacin, e-acetamidocaproic acid, acetaminophen, acetaminosalol, acetanilide, 

30 acetylsalicylic acid (aspirin), 5-adenosylmethionine, alclofenac, alfentanil, 

allylprodine, alminoprofen, aloxiprin, alphaprodine, aluminum bis(acetylsalicylate), 
amfenac, aminochlorthenoxazin, 3-amino-4-hydroxybu^c acid, 2-amino-4-picoline, 
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anuiiopropylon, amihopyrine, aiiaixetrine; ammonium salicylate, ampi^ 
amtolinetin guaci], anileridine, antipyrine, antipyrine salicylate, antrafenine, apazone, 
beiidazac, benorylate, benoxaprofen, benzpiperylon, benzydaraine, benzylmprphine, 
beriiioprofen, bezitramidera bisabolol, bromfenac.p-bromoacetanilide, 
5 5-brdmosalicylic acid acetate, bromdsaligenin, bucetin, bucloxic acid, bucolome, 
biifex^aci biimadizon, buprenorphine, butacetin, butibufen, butophanol, calcium . 
acetylsalicylate, carbamazepne, carbiphene, carprofen, carsalam, chlorobutanol, 
chloitiieiioxazin, cholihe salicylate, cinchophen, cinmetacin, cir^ 
clometacin, clonitazene, clonixin, clopirac, clove, codeine, codeine mefliyl bromide, 
10 " codeihis'iihosphate. Codeine sulfate; ciropropainide, c^^ desomorphine, 
dexoxa^lrol, dextroindrainidei dezdcine, diainpromide, diclofenac sodium, 
difenaiiiizble, difenpiraimidei difliiriisal; dihydrocodeinei dihydrocodeinone.enol 
' acetate,- dihydrbmoiphrne, dihydrbxyaluminum acetylsalicylate, dimenoxadol, 
' - dimeph'eptanol; diroethylthiaiiabutene, dioxaphetyl butyfate, dipipanone, diprocetyl, 
1 5 dipyronb; ditazol, drbxicam* einorfazone, enfenamic. acid, epirizple, eptazqcine, 
etersalate, ethenzamide, ethbheptazine, ethoxazene, ethylmethylthiambutenp, 
ethyliribrphine, etodolac, etofenamate, etonitazene, eugenol, felbinac, fenbufen, 
fenclbzic acid, fendbsal, fenoprofen; fentanyl, fentiazac, fepradinol, feprazone, 
floctafenine, flufeiiamic aGid,-fIuiioxaprofen, fluoresone, flupirtine, fluproquazone, 
^ 26 fliirbiprofen, fosfosal, gOTtisic aGid,.glafenine, glucametacin, glycol s^^ 

guaiazulene, hydrbcodotei hydromoiphone; hydroxypethidine, ibufenac, ibuprofen, 
ibuprbxam, imidazole salicylate, indbmetiiacin, indoprofen, isofezolac, isoladol, 
isozdethadonei isonixin, isoxepac, isoxicam^ ketobemidone,;ketoprpfen, ketorolac, 
• p-lact6phenetide,lefetamine, levcaphanol, lofentanil, lonazolac^ lpiii9>licaip, 
25 loxoprofen, lysine acetylsalicylate, magnesium acetylsalicylate, meclofenamic acid, 
mefenamic acid, meperidine, meptazinolj.mesalamine, metazocine, methadone 
hydrochloride, methotrimeprazine, metiazinic acid, metofoline, metopon, 
mofebutazone, mofezolac, morazone, morphine, morphine hydrochloride,. morphine 
sulfate, morpholine-salicylate, myrophine, nabumetone, nalbuphine, 1-naphthyl 
30 salicylate; naproxen, narceine. nefopam, nicomorphine, nifenazone, niflumic acid, 
nimesulide, 5'-nitro-2'-propoxyacetanilidei norlevorphanol, noimethadone, 
normoiphine, noipipanone, olsalazine, opium, oxaceprol, oxamefacine, oxaprozin. 
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oxycodone, oxymorphone, oxyphenbutazone, papavwetum, paranyline, parsalmide, 
pentazocine, perisoxal, phenacetin, phenadoxoiie, phenazocine, phienazopyridine 
hydrochloride, phenocoll, phenoperidine, phenopyrazone, phenyl acetylsalicylate, 
phenylbutazche, phenyl salicylate, phenyramidol, piketoprofen, piminodine, 
pipebuzone, pipeiylone, piprofen, pirazolac, piritramide, piroxicam, pranoprofen, 
proglumetacin, proheptazine, promedol, propacetamolj jpropiram, pr<q)oxyphene, 
propyphenazdne, proquazone, protiziiiic acid, ramifenazone, remifentanil, ximazolium 
metilsulfate;' sa]acetamide, salicin; salicylaxnide, salicylamide o-acetic acid, 
salicylsulfaric acid;- salsalte, salverine, simetride, sodium salicylate, sufeiitanil, 
sulfasalazine, sulindac, supCToxide dismutase, suprofen, siixibuzbne, talriiflumate, 
tenidap, tenoxicam, terofenamate, tetrandrine, thiazolinobutazone, tiaprofenic acid, 
tiaramide, tilidine, tinoridine, tolfenaniic acid, tolmetin, tramadol, tropesin, viminol, 
xenbucin, ximoprofen, zaltoprofen and zomepirac (see The Merck Index. 12th Edition 
(1996), Therapeutic Category and Biological Activity Ihdexy lists theiein headed 
"Analgesic", "Anti-inflammatory" and "Antipyretic"). 

Particularly preferred combination therapies comprise use of a composition of 
this embodiment with an opioid compound, more particularly where the opioid 
compound is codeine, mqieridine, morphine or a derivative thei^f. 

The compound to be administered in combination with a selective COX-2 
inhibitory drug can be fonnulated separately from the drug ot co-fonnulated with the 
drug in a composition of the invention. Where a seliective GOX-2 inhibitcffy drug is 
co^formulated wifli a second drug, for example an opioid drug, the second drug can be 
fonnulated in immediate-release, rapid-onset, sustained^release or dual-release form. 

In an embodiment of the invention, particularly where the COX-2 mediated 
condition is headache or migraine, the present selective COX-2 inhibitory drug 
composition is administered in combination therapy with a vasomodulator, preferably 
a xanthine derivative having vasomodulatory effect, more preferably an alkylxanthine 
compound. 

Combination therapies wherein an alkylxanthine compound is co-administered 
with a selective COX-2 inhibitory drug composition as provided herein.are embraced 
by the present embodiment of the invention whether or not the alkylxanthine is a 
vasomodulator and whether or not the therapeutic effectiveness of the combination is 
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to any degree attributable to a vasomodulatory effect The term "alkybtanthine" 
herein ernbrac.es xanthine derivatives having one or more Ci^ all^], preferably 
methyl, substituents, and pbannaceutically acc^table salts of such xanthine 
derivatives. Dimethylxanthines and trimethylxanthines, including caifeinei 
5 theobromine and theophylline, arie especially preferred. Most preferably, the 
. alkylxantbine. compound is caffeine. 

The total and relative dosage amounts of the selective GOX-2 inhibitory drug 
and of the vasomodulator or alkylxatithine are selected to.be therapeutically and/or 
prpphylactically effective for relief of pain associated with the headache or migraine. 

10 Suitable dosage amounts will depend on theiparticular. selective COX-2 inhibitory 
drug and the paitiGular vasomodulator or alkylxantbine selected. For example, in a 
combination therapy with celecoxib and caffeine, tj^ically the celecoxib will be 
administered in, a daily dosage amount of about 50.mg,to about 1000 mg, preferably 
about ,100 mg to about .600 mg/and the caffeine in a. daily dosage amount of about 

15 1 mg to about 500 mg, preferably about 10 mg to about 400 mg, more preferably 
about 20 mg'to about 300 mg. 

The vasomodulator or alkylxantbine component of the ccmibination therapy 
can be administered in' any. suitable dosage form by any suitable route, preferably 
.orally, r The vasomodulator or alkylxantbine can optionally be coformulated with the 

20 selective, pOX-2.inhibitory. drug in a single oral dosage form. Tbus a solution or 
solution/suspension formulation of the invention optionally, comprises both an 
amiiiosulfonyl-comprising selective GOX-'2 inhibitory drug.and a vasomodulator or 
alkylxanthine.such as. caffeine, in total and relative amounts consistent with the 
dosage amounts set out hereinabove. 

25 . The phrase "in total and relative amounts effective to relieve pain", with 

respect to amounts of a selective COX-2 inhibitory drug and a vasomodulator or 
alkylxantbine in a composition of the present embodiment, means that these amounts 
are such that (a) together these components are effective to relieve pain, and (b) each 
component is or woufd be capable of contribution to a pain-relieving effect if the other 

30 component is or were not present in so great an amount as to obviate such 
contribution. 
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Example 1 

. Sixcelecoxib solutionfonnulationsSF-1 to SF-6 were pr^qjared having 
components as shown in Table 1. Iq each case the solvent liquid consisted of 
PEG-400, either alone (SF-1) or together with at least one free radical-scavenging 
antioxidant (SF-2 to SF-6). Celecoxib was present in solution at a concentration of 50 
mg/g in all formulations. Antioxidant amounts shown as % weight/weight. 
Table 1. Composition of celecoxib solution formulations SF-1 to SF-6 



Formulation 


Components 


SF-1 


Celecoxib. PEG-400 


SF-2 


Celecoxib, rPEG-400. 0. 1 % vitamin E 


SF-3 


Celecoxib, PEG-400, 0.1% iBHA 


SF-4 


Celecoxib, PEG-400, 0.1% BHT 


SF-5 


Celecoxib, PEG-400, 0.1% propyl gallate 


SF-6 


Celecoxib, PEG-400. 0.05% BHA, 0.05% BHT 



Example 2 

A gradient HPLC assay was used to determine impurities in celecoxib solution 
formulations SF-1 to SF-6 of Examjglfe 1 after storage at various temperatures for 
different periods of time. Solution'jiFQnnulation samples were drawn and.were 
dissolved in methanol to obtain a celecoxib.cpnce^tration of about 0.4 to about 0;5 
mg/ml prior to injection. Chromatographic conditions were as follows: (k) flow rate: 
■ 1 ml/rnin.; (b) detection: UV 254 nin; (c) injection volume: 10 pA; (d) column: 5 pan 
Supercosil, LC-DP, 250 x 4.6 mm; (e) column temperature: 40°C; (f) mobile phase A: 
10 mM NH4AC or KH2PO4, pH 3; (g) mobile phase B: 100% acetonitrile; (h) running 
time: '45 minutes. Data are shown in Tables 2 and 3. 

Table 2. Impurity level (%) in formulations SF-1 to SF-S following storage 



Formulation 


days stored at TCC 


9 


14 


16 


20 


28 


33 


35 


90 


SF-1 


2.9 




3.7 




7.6 




12.6 




SF-2 




0.02 




0.02 




0.02 




2.8 


SF-3 




O.OZ 




0.02 




0.02 




0.09 


SF-4 




0.03 




0.04 




0.06 




0.30 


SF-5 




ND 




ND 




ND 




0.35 
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Table 3. Impurity level (%) in formulations SF-1, SF-2, SF-5 and SF-6 following 



storage at different temperatures 



Forbdulation 


Days 


Temperature 


sec 


40''C 


25°C 


4°C 


SF-1- 


0 


0.00 


0:00 


0.00 


0.00 


7 


0.09 








21 


4.12 


0.11 


0.00 




31 


6.25 






0.00 


74 


7.83 


5.40 . 


0:08 


0.00 


131 


7.85 


6.87 


0.44 


0.00 


SF-2 


0 


0.00 


0.00 


0.00 


0.00 


7 


0.00 








21 


0.02 


0.00 


0.00 




31 


0.01 






0.00 


74 


0.06 


0.02 


0.00 


0.00 


131 


P;07 


0.01 


0.00 


0.00 


SF-5 


0 


0.00 


0.00 - 


0.00 


0.00 


7 


0.02 








21 


0.65 


0.03 


0.02 




31 


0.05 






0.00 


74 


0.15 


0.11 


0.03 


0.00 


131 


0.20 


0.09 


0.02 


0.00 


,SF-6 


0 . 


0.00 


0.00 


0-00 


0.00 


7 


0.00 








' 21 


' 0.01 


o.oi 


0.00 




i ,31. 


. 0.01 






. 0.00 


74 


0.03 


0.02 


p.Ol 


0.00 


131 


0.06 


O.oi 


0.00 


0.00 



The data in Tables 2 and 3 indicate that the presence of a small amount of a 
free radical-scavenging antioxidant such as vitamin E, bu^l gallate, BHA or BHT 
5 g^reatly improves chemical stability of celecoxib dissolved in PEG-400 by comparison 
with compositions comprising no such antioxidant. 
Example 3 

Solution formulation SF-1 of Example 1 was bubbled with ethylene oxide, a 
putative source of free radicals, for 15 minutes, and was then stored at 70°C for 10 
10 days. After storage, the formulation was analyzed for the presence of impiuities. 
Addition compounds detected, therein were isolated by reversed-phase, semi- 
preparative HPLC. A 20 X 250 mm Kromasil CI 8 column was employed with either 
an isocratic or a gradient, acetonitrile-aqueous trifluoroacetic acid mobile phase. 
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Detection was accomplished at 254 nm. Pooled fractions containing individual 
addition compounds, herein referred to as Peak 1 ■ Peak 2 and Peak 3 addition 
compounds, were concentrated, desalted and reduced in chemical noise-causing 
components by trapping on a 7 x 300 mm Hamilton PRP^l; column. The eluent from 
5 the trapping column containing the individual addition compounds was freeze-dried to 
yield the final isolates. Peak 1 addition compouiid was 99% pure and Peak 2 addition 
i compound was >99% pure by analyticalHPLC. Peak S additibn compound was 81% 
pure by analytical HPLC. >. . 

Analytical HPLC was also used to collect analytical scale peak cuts for mass 
.10. spectTometcic analysis 6n,a,PE Sciex Q-Star Qq^TOFmass spectrometer. Survey and 
product ion scans, as. well as high resolution mass measurements for empirical 
formula determination were. acquired in jxESI (micro-electrbspray ionization) mode 
High resolution mass spectral information on Peak 1 and Peak 2 addition compounds 
were obtained on a Finnigan MAT-900ST mass spectrometer operating in jiESI mode. 
15 Accurate mass measurement for Peak 1 addition cornpound was carried out by linear 
E-scan peak matching at a resolution of 7,400 (m/Am 10% valley definition) using the 
reference ions from PEG-400, (C2H40)!,H20Na at 437.23627 and (C2H40),oH20Na at 
481.26248 daltons, respectively.ito match against the. sample pseudo^-molecular ion. 
Accurate mass measurement for Peak 2 addition compound was carried out by linear 
20 E-scan peak matching at a resolution of 7,100 (m/Am 10% valley definition) using die 
reference ions from PEG-400 (C2H40)8H20Na at 393.21005 and (C2H40)9H20Na at 
437.23627 daltons, respectively, to match against the sample pseudo-molecular ion. 

NMR samples were prepared in a nitrogen glove box and dissolved in 150 jd 
dimethyl sulfoxide-^ie- Data were acquired on a Varian INOVA 400 NMR 
25 spectrometer operating at a proton frequency of 399.80 MHz, and equipped with a 
Nalorac inverse geometry, micro-gradient probe. Experiments were used directly 
from the vendor's standard library with no modifications. 
Peak 1 

Celecoxib' and Peak 1 addition compound were individually mounted on gold- 
30 coated microscope slides for JR and Raman analyses. Micro-IR specular reflectance 
data were collected from 4000 650 cm^' at 4-cm-' resolution on a Nicolet 760 
spectrometer equipped with a liquid nitrogen cooled MCT detector. Sensitivity, 
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expressed as instrument gain, was 8. Data were processed as a Fourier transform 
utilizing a Happ-Genzel apodization function and plotted as % transmittance vs. 
frequency. The final spectra were the sum of 200 individual scans. MiCTO-Raman 
data were collected from 3700 — > 100 ciii"' on a Nicolet 960 FT-Raman 'spectrometer, 
5 equipped with a liquid nitrogen cooled gembanium detector. Sensitivity, expressed as 
. instrument gain, was 64. Data were processed as a Fourier transfarm^utilizing a 
Happ-Genzel apodization function and plotted as absorbance vs. frequency. The final 
spectra were the sum of 10,000 individual scans. 

The molecular weight of Peak 1 addition coimpound was found to be 469 
10 daltons, 88 daltons heavier than celecoXiband indicative of addition'oftwo'ethanbiic 
moieties. The molecular weight was confirined by high resolution peak inafching, of 
an analytical peak cut, as 469.12831 daltons, within 0.2 i>pm of-theory for 
• G21H22F3N3O4S; The accurate mass of Peak 1 addition compound, less the ionizing 
.. proton, was measured as 469.12826 daltons. The empirical formula for best fit using 
15 the valenee rules was C2'iH22F3N304S and within 0. 1 ppm in mass from theory, thus 
confirming the molecular weight of this producL Peak 1 addition- compound is 
believed to: be N,N-bis(2-hydroxyethyI>4-[5-i(4-methy]phenyI>3-(trifluoromethyl> 
lHrpyrazol-l^yl]benzenesulfonamide, having the: structure (V): 




NMR analysis of Peak 1 addition compound produced similar data to those for 
the bulk drug. A major difference existed in the absence of the -SO2NH2 protons, and 
the inclusion of resonances consistent with the presence of two -CH2CH2OH 
functionalities. The methylene protons and carbons exhibited distinct chemical shifts 
25 that are consistent with the proposed structure. 
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The JR arid Raman spectra of celecoxib and Peak 1 addition compound are 
very similar, indicating that the bulk of the structure is the same as that of celecoxib. 
Several spectral differences, however, betv^een the two molecules are evident. The 
two N-H stretching vibrations in ±6 spectrum of celecoxib at 3236 and 3342 cm"' are 
5 missing in the data for Peak 1 addition compound, indicating the amino group present 
in celecoxib is not present in Peak 1 addition compound. The N-H vibrations in the 
IR spectrum for celecoxib are replaced by an intense, broad absorbance centered at 
3430 cm ' in the analogous data for Peak 1 addition compound. This broad band is 
typical of an O-H stretch, but is much too intense to result from a single hydroxyl 
10 " . ^oup, indicating that Peak 1 addition compound possesses at least two OH groups, in 
place of the I^IHi gi"oup present in celecoxib. Anothermajor spectral difference 
; between the vibrational spectra for celecoxib and Peak- 1 addition compound are the 
; presence of Raman G-H stretching vibrational bands for Peak 1 addition compound at 

2967 and 2991 cm"' that are not present in the analogous data for celecoxib. These 
15 ^ differences indicate the presence of additional CHa groups in the addition compound, 
.compared to celecoxib. Both the IR and Raman data;are consistent with the proposed 
structure. ... , . . 

The compound having the structure (V) is believed to be new and is useful as 
an analytical marker, for example in detecting stability of celecoxib in pharmaceutical 
20 compositions where the celecoxib is or has been exposed to polyethylene glycol or 
ethylene oxide, and/oir. as a selective cyclooxygenase-2 inhibitory drug or a pro-drug 
thereof. 

Peak 2 

The molecular weight of Peak 2 addition compound was found to be 425 
25 daltons, 44 daltons heavier than celecoxib .and indicative of the addition of one 
ethanolic moiety. The molecular weight was confirmed by high resolution peak 
matching, of an analytical peak cut, as 425.10239 daltons, within 0.9 ppm of theory 
for C19H18F3N3O3S. The accurate mass of Peak 2 addition compound, less the 
ionizing proton, was measured as 425.10168 daltons. The empirical forrnula for best 
30 fit using the valence rules was C19H18F3N3O3S and within 1.0 ppm in mass from 
tiieory, thus confirming the molecular weight of this compound. Peak 2 addition 
compound is believed to beN-(2-hydroxyethyl)-4-[5-(4-methylphenyl)-3- 
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(trifluoromethyl)-lH-pyTazol-l-yl]benzenesulfonamide, having the structure (VI): 



The NMR data for Peak 2 addition compound were similar to those for Peak 1 
5 addition compound in that this isolate also exhibited the TGH2CH2OH functionality, 
but proton integrations identified the presence of only one. ethanol substituent. The 
presence of an -NH- group, was also apparent in the proton spectrum. The proton and 
• carbon chemical sMfts were in accordance with the'proposed structure. 

The compound having the structure (VI) is believed :to be new and'is useful as 
10 an analytical-.miaTker, for. example in detecting stability-.bf celecoxib. in-pharmaceutical 
compositions where the celecoxib is or has been exposed to polyethylene glycol or 
ethylene oxide; and/or as a selective cyclooxygenase-2 inhibitory drug and/or a pro- 
drug thereof. - • .. . 



adequate isolate to be obtained for spectroscopic analysis. 
Example 4 

Three celecoxib (10 mg/g) solutions (\vith methanol as solvent), one 
containing no peroxide (SI), one containing 150 ppm hydrogen peroxide (S2), and 
20 one containing 150 ppm r-butyl-peroxide (S3), were prepared. HPLC analysis, as 
described in Example 2, was performed to determine the presence or absence of 
impurities following storage at diftaent temperatures for various periods of time 




(VI) 




15 



Peak 3-addition.compound was preseiit in insufficient concentration for an 



(Table 4). 
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Table 4. Chemical stability of celecoxib solutions S1-S3 



Solution 


Time 


Total impurity level (%) 


4*'C 


25°C 


50° C 


SI 


0 


0.15 


0.15 


0.15 


1 week 


0.15 


0.15 


0.54 


2 weeks 




0.14 


1.57 


3 weeks, then 3 days at lO^C 






2.40 


S2 


0 


0.15 


0.15 


0.15 


1 week 


0.15 


0.15 


0.46 


2 weeks 




0.14 


0.94 


3 weeks, then 3 days at 70°G 






1.60 


S3 


0 


0.15 


0.15 


0.15 


1 week 


0.15 


0.15 


0.33 


2 weeks ., . • '\ 




0.13 


0.92 


3 weeks, then 3 days at 70°C 






2.00 



. These data indicate that the presence of hydrogen peroxide or ?-butyl-peroxide 
at a concentratidn of 150.ppm does not affect celecoxib stability in methanol. These 
data' are consistent with the conclusion that chemical instability in a system 
comprising an aminosulfonyl-comprising drug, for example celecoxib, and a 
polyethylene glycol, is not peroxide-media'ted.* 



Example 5 . r; . ^ 

. , Two celecoxib solution formulations,. SF-7, and SFr8, and two vehicle 
j(pJacebo).solution formulatijons, 5I;-$> and SF- 10, ware prepared having components 
shqwn in.Table 5. . 



Table 5. Composition (mg) of solution formulations SF-7 to SF-10 



Component 


SF.7 


SF-8 


SF-9 


SF-10 


Celecoxib 


200 


200 






Water USP 


26 


26 


26 


26 


HPMG (E5) 


38 




38 




Ethanol 


113 


100 


113 


100 


PEG-400 


271 


322 


271 


322 


Polyvinylpyrrolidone 


47 


47 


47 


47 


Polysorbate 80 


217 


217 


217 


217 


Tromethamine 


26 


26 


26 


26 


Oleic acid 


61 


61 


61 


61 


Propyl gaUate NF 


1 


1 


1 


1 


Total 


1000 


1000 


800 


800 



After storage for 90 days at different temperatures, the fraction of the initial 



5 



10. 
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1 mg/g propyl gallate remaining in each formulation was measured via gradient 
EPPLCi Samples of all formulations were dissolved in methanol to obtain a suitable 
concentration prior to injection. Chromatographic conditions were as follows: (a) 
flow rate: 1 ml/min.; (b) detection: UV 254 nm; (c) injection volume: 15 pi; (d) 

5 column: 3 .5 pm Zorbax XBD-C8, 50 x 4.6 mm; (e) column temperature: 25''C; (f) 
mobile phase A: 0. 1 % TFA in water, (g) mobile phase B : 0. 1 % TFA in acetonitrile; 
(h) running time: 16 minutes. Data are shown in Table 6. 

■ - . Table 6. Loss of propyl gallate in solution formulations SF-7 to SF-10 after 



• storage for 90 days 



Temperature ("C) 


ProDvl eallate (% of theoretical) remaining 


} SF-7 


SF-8 


SF-9 


SF-10 


4 


87 


104 


108 


126 


25 


42 


■ 74 


36 


66 


,. 40 .. 


10 


.33. 


. 10; 


. ..,.24 . 


50 


Q 


13 


0 


19 


70 




• ■ ■■0 • ■ 


•0 


■ T' 



10 These data indicate that, in formulations comprising an anninosulfonyl- 

comprising drug (celecoxib in the present example) and in those without such a drug, 
propyl gallate is consumed at a substantially equal rate over 90 days. Mdreover, the 
rate of consumption is teniperature^iBpfenarat WitH increasing irate as temperature 

' 'increases. These results suggest Aat4he fii^^ 

1 5 consumed via a non drlig-mediated mechanism, and support the' jpr^ent theory that 
" drug stabiliization results from an interaction between, polyethylene glycol degradation 
prbducts and the.firee radical-scavenging antioxidant. . 

Example 6 . " 

A celecoxib solution formulation, SF-1 1 , was prepared having the composition 
20 shovra in Table 7. 
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Table 7. Composition (mg/g) of celecoxib solution formulation SF-11 



Component 


SF-11" 


' Gelecoxib 


200 


. Water USP 


26 


HPMC (E5) 


38 


EtHanol 


113 


PEG 400 


271 


PVP 


47 


iPblysorbate 80 


217 


Tromethanune 


26 


Oleic acid 


61 


Propyl gallate NF 


1 


Total 


1000 



■ Oiie ^am of formuiation SF-1 1 was individually placed into each of several 
hard gelatin capsules (Gapsugel) to form Test Composition' 1 • : 
■ A- celecoxib suspension for comparative.purppses was .prepared as follows: 

A. Tween™ 80, 5.0 g, was placed in a volumetric flask. 

B. Ethaijol was added (to. 100 ml) to fonn a mixture and the mixture was 
swiried.to farm a uniform solution. 

C. A 5 ml aliquot of the uniform solution was transferred to a iresh 100 ml 
bpttle containing 20p mg celecoxib, to forai a premix. 

Di: Apple juice, 75 ml, was added to the premix to form an intermediate 
- -, -jceleco3ub suspension. 
E. t The intermediate (ieleioxib suspensioh'.wasOeft tp) stand for 5 minutes, 

and was then shakehlo form a celecoxib suspen^^ 

purposes- 

' Bioavailability parameters resulting from administratipn of Test Composition 
1, in comjiarisori with thb comparative celecoxib suspension composition of Example 
5 and with a commercial celecoxib (Celebrex® of Pharmacia) 200 mg capsule, to 
human subjects were evaluated in a 24-subject, randonoized, four period, balanced, 
crossover study. A fourth composition, not relevant to the present invention, was also 
included in the study but is not reported here. Study duration was approximately 15 
days and subjects were randomly given one of each of the four dosage fomis on days 
1,5,9 and 12; administration of each dose was preceded by an 8 hoxnr fasting period 
and was accompanied by 180 ml of water. Plasma blood levels for each subject were 
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measured atpre-dose and at 15, 30, 45 minutes and.l, 1.5, 2, 3, 4, 6, 8, 12 and 24 
hours after dosage administration. Cnax and AUG were calculated from the data in 
accordance with standard pro6edure in the art. As shown in Table 8, ingestion of Test 
Composition' 1 resulted in a Cmax more than 2.5 times;greater than resulted from 
5 ingestion of the comparative ceiecoxib suspension or the commercial celecoxib 

capsule. Ingestion Test Composition 1 also resulted in an AUG 43% greater than, 
and a Tn,ax substantially similar to, that resulting from ingestion of the comparative 
celecoxib suspension. 



Table 8. Jn vivo bioavailability of celecoxib in human subjects 



Parameter 


Commercial 
capsule 


Comparative 
suspension 


Test composition 
1 


C™« (ns/ml) 


621 


804 


2061 


Tn.ax(hr) ' 


2.15 


: 0.97 . 


1.-03 


AUG..(nB/mJ)*hr 


5060 


4892 


7593 



10 Example 7 

Two celecoxib sblurion forraulations,.SF-12 and SF^13, and two placebo 
solution formulations, P-2 and P-3, were prepared having.compositions shown in 
^Table9.' ' - - 

Table jji Compoafion (mg> of celecoxib isolufidn forinulations SF-12 and SF-13 
25 and placebo solution formulations P-2'and P-3 



Gomponent. 


SF-12 


SF-13 


p-2 


P-3 


Celecoxib 


100 


200 






Water USP 


13 


26 


l5a 


30.2 


HPMC CE5) 


19 


38 


22,1 


44.2 


Ethanol 


56.5 


113 


65.7 


131.4 


PiEG 400 


135.5 


271 


157.5 


315 


PVP 


23.5 


47 


27.3 


54.6 


Polysorbate 80 


108.5 


217 


126.1 


252.3 


Tromethamine 


13 


26 


15.1 


30.2 


Oleic acid 


30.5 


61 


• 35.5 


70.9 


Propyl gallate NF 


0.5 


1 


0.6 


1.2 


Total ' 


500 


1000 


465 


930 



Amounts of 500 mg and 1000 mg of solution famaulations SF-12 and SF-13 
respectively were individually placed into each of several soft gelatin capsules to form 
Test Compositions 2 (100 mg celecoxib) and 3 (200 mg celecoxib), respectively. Test 
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Composition 4 consisted of two capsules of Test Composition 3 resulting in a 400 mg 
celecoxib dose. Placebo solution formulations P-2 and P-3 were filled into soft 
capsules corresponding in size with those containing solution formulations SF-12 and 
SF-13, respectively, to form Placebo Composition 2 and Placebo Composition 3. 
5' A randomized, double-blind, active and placebo controlled, sirigle-dose 

parallel group study was performed in order to assess the analgesic effic&cy of Test 
Compositions 2, 3 and 4 in comparisoh with appropriate and visually matching 
placebo, in a human post-oral surgery pain model. 

Post-surgical patients (after extraction, of two or more impacted third molars 

10 requiring bone removal) who reported moderate or severe post-oral surgery pain on a 
categorical pain scale (CPS; O = no pain, 1 = mild pain, 2 = moderate pain, and 3 = 
severe pain), and a baseline pain intensity >50 mm on a visual analog scale (VAS; 
whereby patient locates a sliding bar representing his or her level of pain on a 100 nam 
horizontal scale v/ith the left edge (0 mm) marked "no pain" and the right edge (100 

15 mm) marked "worst pain") within 6 hours after completion of surgery were selected 
and randomized for study. 

Each patient was randomized to one of four treatment groups (approximately 
55 per group) and, 6 hours after completion bf surgery, received the study medication 
assigned to his or her group from both Bottle A and Bottle B as. shown in the 

20 medication schedule found in Table 10. Two additional compositions, not illustrative 
of the present invention, were alsb included iii thie study but iare iibt reported here. 
Table 10. Schedule of study medication given to patients in treatment groups 1-4 



Treatment Group 


Bottle A (1 capsule) 


Bottle B (2 capsules) 


1. (Placebo) 


1 X Placebo Composition 2 


2 X Placebo Composition 3 


2. (Test composition 2) 


1 X Test Composition 2 


2 X Placebo Composition 3 


3. (Test composition 3) 


1 X Placebo Composition 2 


1 X Placebo Composition 3 
and 1 X Test Composition 3 


4. (Test composition 4) 


1 X Placebo Composition 2 


2 X Test Composition 3 



Pain was assessed at baseline (0 hour), 0.25, 0.50. 0.75. 1 .0, 1.25, 1.50, 1.75, 
2, 3, 4, 5, 6, 7, 8, '9, 10, 11, 12, 16, and 24 hours after administration of study 
25 medication. Each patient individually determined and recorded time to perceptible 
pain relief and time to meaningful pain relief, using two stopwatches. 

Time to onset of analgesia was then calculated for each patient by performing 
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a time-to-event analysis combining data from patient's stopwatch assessments of time 
to- perceptible and meaningful pain relief. Baseline pain intensity for e^ch, groyp is 
shown in Table 1 1 . Median time to onset of analgesia is shown in Tabl^ 12. 

' Table 11. Baseline pain intensity 



Pain Scale 


Test Composition 2 1 Test Composition 3 | Test Composition 4 


CPS 




;c Moderate 


56 . , 


56 


57 


Severe 


44 


44 


43 


VAS 


O'tolOOmm 


Mean 


73.29 , . 1 72.78 . 1 73.86 



These data show that jpatients in each test group hafd coiriparable baseline pain 
intensity. 

Table 12. Median lime to onset of analgesia 



Treatment 


Time (min) 


Placebo' 


>i440 


Test' Composition 2 


31 . 


:,Test Composition 3 


28 


Test Composition 4 


31 



As determined in a similar pain study reported in International Patent 
Publication No: ,WO.01/9,1750, incorporated herein by reference, 200 mg Celebrex® 
capsules exhibit a median time to onset of analgesia of 41 minutes. The data in Table 

> 12!show that patients taking Test Compositjons 2, 3 or 4 experienced a relatively fast 

, median time to onset of analgesia of 31 minutes or less. 
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WHAT IS CLAIMED IS: 

1 . An orally deliverable pharmaceutical composition comprising (a) a drug of low 
water solubility in a therapeutically and/or prophylactically effective amount and 
(b) a solvent liquid that comprises at least one pharmaceutically accejptable 
polyethylene glycol and at least one pharmaceutically acceptable free radical- 
scavenging antioxidant, wherein a substantial portion of the drug is in dissolved 
or solubilized form in the solvent liquid, and wherein the drug comprises an 
aminosulfoiiyl functional group and/or is capable of reacting with a' polyethylene 
glycol or with a polyethyleiie glycol degradation product to form an addition 
compound. 

2. The composition of Claim 1 wherein the drug is a selective cyc]o6xygenase-2 
inhibitory drug. 

3. The composition of Claim 2 wherein the selective cycldoxygenase-2 inhibitory 
drug is a compound of formula 




where R" is hydrogen or a Ci^ alkyl or alkoxy group, X is 1>I Pr CR^, where R' is 
hydrogen or halogen, and Y and Z are independently carbon or nitrogen atoms 
defining adjacent atoms of a five- to six-membered ring that is unsubstituted or 
substituted at one or more positions with oxo, halo, methyl or halomethyl 
groups., . ^ p 

4. The composition of Claim 3 wherein the five- to six-menibered ring is selected 
from the group consisting of cyclopentenone, furanone, methylpyrazole, 
isoxazole and pyridine rings substituted at no more than one position. 

5. The composition of Claim 2 wherein the drug is selected firom the group 
consisting of celecoxib, deracoxib, valdecoxib and JTE-522. 

6. The composition of Claim 2 wherein the drug is celecoxib. 
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7. The composition of Claim 2 wherein the drug is valdecoxib. 

8. "nie composition of any of Claims 2 to 7 tliat further coinpiises a vasomodulator, 
wherein the selective cyclooxygenase-2 inhibitory drug" and the vasomodulator 
are present in total and relative amounts effective to relieve pain in headache of 

5 migraine. 

9. The composition of any of Claims 2 tp 7 that further comprises an aUcylxanthine 
compound, wherein the selective cyclooxygenase-2 inhibitory drug and the 
aUcylxanthine compound are present in total and relative amounts effective to 
relieve pain in headache or migraine. 

10 10. The composition of Claim 9 wherein the alkylxanthine compound is caffeine. 

11. The composition of any of Claims 1 to 10 wherein the polyethylene glycol has 
an average molecular weight of about 100 to about 10,000. 

12. The composition of any of Claims 1 to 10 wherein the polyethylene glycol is of 
liquid grade. 

1 5 13. The composition of any of Claims 1 to 12 wherein the at least one free radical- 
scavenging antioxidant is present in the solvent liquid in a total amount of about 
0.01 % to about 5%, preferably about 0.01 % to about 1 %, by weight of the 
composition. 

14. The composition of any of Claims 1 to 13 wherein the at least one free radical- 
20 . scavenging antioxidant is selected fioin the groiip consisting of vitamin E, 

ascorbic acid and salts thereof, butylated hydroxyanisole, butylated 
hydroxytoluene, fumaric acid and salts thereof, hypophosphorOus acid, malic 
acid, alkyl gallates, sodium thiosulfate, sodium sulfite, sodium bisulfite and 
sodium metabisulfrte. 

25 15. The composition of any of Claims 1 to 13 whorein the at least one free radical- 
scavenging antioxidant is an alkyl gallate, preferably propyl gallate. 

16. The composition of any of Claims 1 to 13 wherein the at least one free radical- 
scavenging antioxidant is vitamin E. 

17. The composition of any of Claims 1 to 1 6 wherein substantially all of the drag 
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present in the composition is in: dissolved or solubilized foim. 

18. ' The composition of any of Qaiins- 1 to 17 wherein the solvent liquid further 

comprises a turbidity-decreasing polymer. 

19. The composition of Claim 18 wherein the at least one turbidity-decreasing 
polymer is hydroxypropylme'thylcellulose. 

20. The composition of any of Claims 1 to 19 wherein the solvent liquid further 
comprises at least one pharmaceutically acceptable fatty acid and at least one 
pharmaceutically acceptable organic amine. 

21 . The composition of Claim 20 wherein the at least 6ne fatty 'acid is oleic acid. 

22. The composition ,of Claim 20 or Claim 2 1 wherein the at least one organic 
amine is a tertiary amine selected from the group consisting of tiiethanolaxnine 
and dimethylaminoethanol. 

23. The composition of any of Claims 1 to 22 that comprises one or more discrete 
dose units, wherein a therapeutically and/or prophylactically effective amount of 
the drug is contained in one to a small plurality of said dose units. 

24. The composition of Claim 23 wherein each dose unit is a liquid-filled capsule 
having a capsule wall. 

25. The composition of Claim 24 wherein the capsule wall comprises a turbidity- 
decreasing polymer. 

26. The composition of Claim 25 wherein the turbidity-decreasing polymer is 
hydroxypropylmethylcellulose. 

27. A method of treating a medical condition or disorder in a subject where 
treatment with a cyclooxygenas6-2 inhibitor is indicated, comprising orally 
administering to the subject a composition of any of Claims 2 to 10. 

28. A method of analgesia comprising orally administering an effective pain- 
relieving amount of a composition of any of Claims 2 to 7 to a subject in need of 
analgesia. 

29. The method of Claim 28 wherein the subject suffers from headache or migraine 
and wherein there is further orally administered to the subject a vasomodulator. 
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the selective cycl66xygenase-2 inhibitory drug and the vasomodulator being 
administered in total and relative amounts effective tq relieve i>ain in the 
headache or migraine. . , , 

30. The method of Claiin 28 wherein the subject suffers. from headache or migraine 
5 and wherein there is further orally administered to the subject an alkylxanthine 

compound, the selective cyclooxygenase-2 inhibitory drug and the alkylxanthine 
compound being administered in total and relative amounts effective to relieve 
pain in the headache or inigraine. , . 

31. i A method of use of a cornposition of any of Claims 2 to 7 in manufacture of a 
10 medicament useful for treating a medical condition or disorder in a subject 

whei« treatment with a cyclboxy genase-2 inlui)it6r is indicated. 
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Box I Observations where certiain claims were found unsearciiable (Continuation of item l of first sheet) 



This international Search Report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 
\jL\ bec'i^e'tifey relate to subject matter not required to be seardied by this Authority, namely: 

Although claims 27-30 are directed to a method of treatment of the 
human/animal body, the search has been carried out and based on the alleged 
effects of the compound/composition. 

^' ^ b^aiee'they relate to parts of the International AppUcatlon that do not comply with the prescribed requirements to such 
an extent that no meaningful InternaUonal Search can be carried out, specifically: 

see FURTHER INFORMATION sheet PCT/ISA/210 



^' ^ fe^s^tbey are dependent claims and are not drafted In accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first'sheet) 



This InternatKmal Searchlng Authority found multiple inventions In this International application, as follows: 



1 . I 1 As all required addioonal.search fees were timely paid by the applicant, this InternaUonal Search Report covers all 

I ' searchable claims. . " 

2 I 1 As'all seWrchable clalrtis could be searched without effort justifying aaadcniional fee, this Auihprily did not invite paynrienl 
' — ' ofanyaddlUonalfee. - . 



3 I I As only some of the reqidred additional search fees were timely paid by the appUcant. this 
' 1 covers only those claims for which fees were paid, specilically claims Nos.: 



Search Report 



4 1 I No required additional search fees were Umely paid by the applicant. Consequently, this International Search Report Is 
restricted to the invention first mentioned In the claims; it is covered by clatms Nos.: 



Remark on Protest j | The additional search fees were accompanied by the applicant's prolest. 

[ j No prolest accompanied the payment of addiUonal search fees. 
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FURTHER INFORMATION CONTINUED FROM PCTTISA/ 210 



Continuation of Box 1.2 

The subject-matter of present dlaims 1 and 2. (and the claims dependent 
thereupon) Is defined by means of functional features: 

* ' wherein the drug comprises an aminosulfonyl functional group 
and/or is'capable of reacting with a polyethylene glycol or with a 
polyethylene glycol degradation product 

* 'a selective cyclooxygenase-2 inhibitory drug' 

Present claims 1 and 2 and the dependent claims 8-31) relate to an 
extrlmelyla?ge number of possible compounds. Support within the meaning^ 
of Article 6 PCt and/or disclosure within the meaning of Article 5 PCT is 
?o be found! however, for only a very small proportion of the compounds 
claimed in the--pres4nt:case,- the claims so lack support and the 
aio i cation so lacks disclosure-, that a meaningful search.over th^ whole 
of the c aimed scope is fmpossible. Consequently, the search has been^ 
cIrrildoSt for thdse parts of the claims which^appear to.be supported 
and disclosed namely those parts relating to the compounds defined by 
m^anfS ?hrMarku!h-formula%iven in claim 3 and the particular 
compounds defined in claim 5. 

The applicant's attention is drawn to the fact that claims or parts of 
cllims! relating to inventions in respect of which "° ^ "^ernational 
search report has been established need not be the subject of an 
in?e?nat?onar pre! imi nary- examination (J^l^.^^-i^?) ^Ji^l.^^^^PP^^""* 
is advised that the EPO policy when acting as an International 
Jre??m nlry Examining Authority is normally not to carry out a 
nrellm nary examination on matter which has not been searched This js 
thl crse^i?rlspct1ve of whether or not. the claims are amended following 
receipt of the'^search report or during any Chapter II procedure. 
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